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PREFACE 

In Physics, Chemistry and Mineral<^^ the properties of the 
objects are measured and expressed by means of figures called 
constants. A constant is independent of any theory : it is the 
exact expression of a fact The constants are in reality the 
material by means of which theories are built up, the explana- 
tion of the observed facts is found and the road opened for 
new discoveries. 

In Botany and Zoology, on the contrary, the properties 
(characters) of the living things are usually described by means 
of terms. We say that a given object is long or short, broad 
or narrow, oblong or oval, etc. Much progress would be 
rendered possible if such terms as long, broad, short, etc, were 
replaced by figures. This would be simple enough if the 
properties of animals and plants were invariable. Unfortunately 
these properties are almost always variable, not only within 
the limits of one species, but also among the children of the 
same parents and even among the progeny of one parent.^ 
Variability has been hitherto the great obstacle which has 
rendered impossible the general use of quantitative data (figures) 
in Biological Sciences. 

The object of the present book is to describe a method by 
which biological constants may be established. 

In the first two chapters I have expounded certain theoretical 
views about the notion of species and variation. Those views 
afford us a guide for the discovery of the primordia (simple or 
elementary properties or characters) which are to be measured 
in order to find constants. The constants themselves are, 
however, entirely independent of any theory and of any 

^ Puthenogenesis, apogmmy, msexual maltiplicadon in animals and plants. 
v 
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calculation whatsoever. Each constant is a direct expression 
of an observed fact. 

I have been asked several times in what way the described 
method was to be applied to the investigation of certain given 
properties of certain animals or plants. My answer is that in 
each peculiar case a preliminary investigation is required in 
order to find the primordia which are to be measured and the 
way in which the measurements are to be carried out. This 
preliminary work may be a long one. 

For example, I began in December 19 14 the study of the 
British species of the genus Mniunt (Acrocarpic Mosses). I 
spent two months on the preparatory work before I had found 
a dozen of the primordia and established their exact definition 
and the method of measuring them. In a similar way it took 
me in 19 16 about three months to determine exactly twenty-five 
primordia of the fertile stem of the Grasses. In 1907 I began 
the measurement of thirty-eight primordia of the species of the 
genus Carabus after a preparatory investigation of the simple 
properties of the Coleoptera and other insects which lasted 
several years. Such work is, I think, an excellent school for 
the biologist, because he becomes aware of the vagueness of 
many of our notions. As soon as we require to make measure- 
ments, we feel again and again compelled to replace approxi- 
mations by exact definitions. It may be hoped that the 
preparatory work under consideration will become easier in 
proportion as the number of examples investigated becomes 
greater. 

The work needed for the measurement of the primordia of 
animals and plants is rather lengthy, but biologists ought not 
to shrink from the idea of undertaking such a laborious task. 
It may be recalled that the physicists, the chemists and the 
mineralogists have already collected hundreds of thousands 
of constants at the cost of tremendous toil. They have per- 
severed in spite of numerous difficulties. For example, in 
order to establish exactly the constants (atomic weight, specific 
gravity, melting-point, etc.) of a given metal, a fure specimen 
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must be provided, and the preparation of a pure specimen may 
last several months. Moreover, many fig^ures obtained by the 
measurement of inorganic objects are variable according to 
the external conditions, in the same way as the dimensions 
and other properties of living beings. For instance, the density 
of a given substance varies according to temperature ; pressure 
has an influence on the boiling-point ; etc. Therefore, in order 
to establish constants, certain conventions have been made ; 
this renders the task still more laborious and delicate. Biologists 
should not allow themselves to be discouraged by the prospect 
of " such lengthy work " ; they should always remember what 
the students of inorganic nature have already carried out. 

When an index of refraction, a coefficient of expansion or a 
given angle of a crystal has been exactly measured, work and 
perseverance find their reward, because a precise notion has 
been acquired once for all. In Biology, on the contrary, 
especially in the descriptive (systematic) part of Zoology and 
Botany,^ numerous objects have been described again and 
again as new ; contradiction and hesitation prevail everywhere ; 
an enormous amount of labour has been wasted. We should 
follow the example given by physicists, chemists and mineralo- 
gists. Otherwise it may be feared that the work, like that of 
Penelope, will go on indefinitely. 

It may be remarked that the present book is NOT in reality 
a treatise on mathematical biology: mathematical notions 
(Part VI.) are used only in order to find the primordia and the 
methods of measuring them. We may hope that when a 
sufficient number of constants have been collected the power- 
ful machinery of mathematical science will become applicable 
to biol(^ical problems. 

I have, in conclusion, the pleasant duty of acknowledging the 
assistance received from various friends. 

To Professor F. E. Weiss, who has kindly read through 
the manuscript and has made numerous corrections in the 
language, and to Professor W. H. Lang, in whose laboratory 

1 See on Embryology, § 5a 
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I have been working for more than three years, I am indebted 
for the most cordial assistance. Both of them have given me 
bibliographical information of a most useful character. 

I beg Professor G. Unwin, who kindly helped me with 
the language, to accept my most sincere thanks. 

To Professor Niels Bohr, Copenhagen, I am indebted for 
useful remarks about the mathematical part. 

Finally, I have to express my great obligation to Mr W. D. 
Evans, M.A., who has read through the manuscript and 
proofs of the mathematical part and who has assisted me in 
various ways. 

Julius MacLeod. 

Thb University, 
IIanchbstbr. 211/ Dutmbtr 1918. 
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THE QUANTITATIVE METHOD 

IN BIOLOGY 

PART I 

THE NOTION OF SPECIES IS A CHEMICAL NOTION 

§ 1. — Each animal and vegetable species ^ differs strictly 
from aU others by the chemical composition of its living 
substance. 

§ 2. — The so-called characteristics of each species are the 
product of reactions, in which there intervene on the one hand 
the external causes which affect the individuals during their 
development and on the other hand the hving substance of the 
species under consideration. 

§ 8. — Our knowledge of the chemical composition of Uving 
substance is too incomplete to foimd a RATIONAL classifica- 
tion of plants and animals based upon differences of chemical 
constitution. In the present state of science our classifications 
are founded merely on differences in observable characteristics 
(properties). 

In our study of living beings we find ourselves in much the 
same position as a mineralogist would be if he were ignorant of 
the chemical constitution of the minerals, and were thus limited 
to the study of their properties, such as crystalline form, optical 
properties, density, hardness, colour, etc., and were to tcy to 
found on those data a classification of the mineral species.* 
Fortimately, we dispose of a larger number of facts tlum our 

^ The term i^>ecies is nsed here in its most general significance (specific fo^m) 
— that is to say, in the sense of a form of life (roedes property so called, elemen- 
tary species, race, etc.) characterized by hereoitary properties. 

« See Sir HENRY ALEXANDER MIERS, F.R.S., The Old and the New 
Mineiralogy, in Trans. Chemiad Society, 1918, vol. cxviii., pp. 364-386. In this 
interesting paper the author has recorded that, in former tmies, the characters 
ci mineraJs which were used for the purpose of discriminating between species 
and of classifying them were the extemad or natural history properties (roedfic 
gravity , colour, crystalline form, etc.). Later on (DANA, 1850) a newdassifi- 
cation of the minerals, based upon their chemical composition, was adopted. 
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Each series includes a certain number of terms (entities) 
which differ from each other by the value of n ; for instance, 
to the acetic series belong the glycerides of 

acetic add {Cfifi^, 
butyric add (C^Kfi^, 
caproic add {CJHifi^, 
lig^oceric add (C^Jtlgfi^, etc. ; 

to the acrylic series belong the glycerides of 

tiglic acid (C^HgO,), 

oleic add (Ci9H340^, 

erucic acid {C^^^fi^, etc., etc.^ 

Between the terms of each series and also between the series 
of a given group evident analogies exist, not only with regard 
to the chemical constitution, but also in ihe fades and physical 
properties. 

(2) The PROTEINS * seem to be polj^ptides which are 
formed by the conjugation of a large ntunber of amino acids. 
Altogether more than fifty proteins are known to occur natur- 
ally in animals and plants, which differ from one another in 
physical and chemical properties. They may be brought into 



Class A : 


Simple Proteins. 


Group I : 


Protamines. 


99 


2 : 


Histones. 


*» 


3- 


Albumins. 


99 


4- 


Globulins. 


91 


5: 


Prolamins (Gliadins). 


*» 


6: 


Glutelins. 


99 


7- 


Sderoproteins. 


Class B : 


Conjugated Proteins. 


Group 8 : 


Nucleoproteins. 


»> 


9: 


Glycoproteins. 


»> 


10: 


Haemoglobins. 


»» 


II : 


Phosphoproteins. 


»f 


12: 


Lipoproteins. 


Class C : 


Derived Proteins. 


Group 13 : 


Proteans (Metaproteins). 


99 


14: 


Coagulated Proteins! 


»> 


15: 


Proteoses. 


99 


16: 


Peptones. 


99 


17: 


Peptides. 



* THORPE, loc, cU., vol. iii., p. 744. ■ Ibid., vol. iv. (1913), Jj. 407. 

* The claasificatiQa here given is adopted by American physiologists and 
diemists. See Thorpe, loc. cU., vol. iv. 
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§ 6. — ^The facts stated in the preceding paragraph may be 
summarized in the following way : — a large number of natural 
substances are mixtures, consisting in the main of chemical 
entities which belong to one chemical family ; the components 
are associated in a different way in each species and each com- 
ponent may occur in a certain number of specific mixtures. 
On the other hand, the proteins may be looked upon as belong- 
ing to a single chemical family. 

We may therefore accept the suggestion that living substance 
(the living contents of the cell) follows the ordinary rule and is 
a mixture, and since many well-known facts point to a chemical 
relation between living substance and protems, we may admit 
that the components of the former are proteins — or suDstances 
which are related to the already known proteins and which 
might be called Bioproteins. 

The properties ^ ot Uving substance are, indeed, so character- 
istic that we are, as it were, compelled to think that its com- 
ponents are not merely proteins properly so called. It may be 
suggested that these components are proteins of a peculiar 
kiiKi, which deserve to be distinguished under the name bio- 
proieins. 

It may be further surmised that the molecules of the bio- 
proteins are more complex than those of the proteins, and are 
formed by the conjugation of a larger number of amino acids,* 
the proteins properly so called being hydroUtic degradation 
products of the bioproteins. According to this, a sp^ial class, 
under the name of bioproteins, ought perhaps to be added to 
the three classes mentioned in the classification adopted in § 5. 

§ 7. — ^The living mixture which is found in a cell or a Plas- 
modium does not consist entirely of a homogeneous association 
of components. Certain components are permanently or 
temporarily separated from the others, being localized among 
the living mass * and differentiated in the form of nucleus, 
chromosomes, centrosomes, protoplasmic granulations and, in 
general, plastids. The differentiated parts may be themselves 
mixtures of several bioproteins. It is quite possible that 
a chromosome, for instance, is a complicated mixture of a 
number of bioproteic entities. A minute globule of cow butter, 

> Contxactility ; aemipermeability ; division of nucleus and plastids; 
irritability, etc. 

* Or by the conjugation of two or several already discovered proteins. 

* Example : Nucl^iproteins (see p. 3, Group 8), which are compounds of 
the strongly basic protamines (p- 3. Group i) with nucleic acid, seem to 
be localizea in the cell nucleus (TlKiipe, he. cU., vcl. iv., p. 411). I do not 
look upon nucleoproteins as being bioproteins. Certain bioproteins, how- 
ever, may be locauzed in certain parts of the cell in the same way as nucleo- 
proteins. 
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odoraia, the roseal substance of Cicindela, the S(NH4)s of 
Phallus and other chemical characteristics are produced. 

§ 8a.— HEREDITY. INDIVIDUAL VARIATION. MU- 
TATION. — Let us venture to proceed one step further along 
the way of suggestion. 

Ahnost all the properties of Uving beings are variable within 
the limits of eadi species. The abiotic chemical properties 
follow the ordinary rule. We know, for instance, that the 
composition of opium and many other animal and vegetable 
chemical products is variable according to external causes 
(conditions of existence ; for instance, climate). It is therefore 
, possible and even . probable that the Uving mixture of each 
species is also subjected to variation. It may be suggested 
that two kinds of variation occur : 

(i) Individual variation (variation properly so called) pro- 
duced by the diversity of the conditions of existence (ext^nal 
causes). In this form of variation it may be supposed that the 
individuals differ quantitaiivdy — i.e. in the proportions in which 
the biotic components of the Uving substance are mixed, the 
qualikUive composition (that is to say, the nature of the com- 
ponents) of the specific mixture being invariable in the species. 

The quaUtative composition of each specific mixture is trans- 
mitted by inheritance, and therefore the possibility of producing 
the reactions which result in specific properties (characters) is 
also hereditary. (This does not exclude segregaUon among the 
components of the Uving mixture of a hybrid, in which the 
components of both parents are brought together into one 
mixtinre.) It is also admissible that tiie quantitative com- 
position of each individual is hereditary to a certain degree, 
and, moreover, that quantitative individual pecuUarities may 
be accumulated (increased) imder the influence of selection ^ 
so often as the same conditions of existence prevail for two or 
several generations, the increase aUuded to being confined 
within certain limits which are characteristic of each species 
(see § 9). A complete discussion of this question Ues outside 
the scope of the present book. (See § 129.) 

(2) (Jertain causes, which are probably diverse (§ 105), may 
produce, in the qualitative composition of the Uving mixture 
of certain individuals of a species, a modification which is 
hereditary and caUed sport, saUation or mutation. If one of the 
components disappears, or is transformed into a new chemical 
entity (for instance, into an isomer), or if one new component is 
added to those previously existing, a sUght mutation takes 
place, the new Uvmg form being, for instance, a pure line (§ 19) 
or a subspecies (elementary species) Uttle different from the 

^ I am aUnding here especially to experimental (artificial) selection. 



PART II 

THE OBSERVABLE PROPERTIES OF EACH SPECIES 
ARE PRODUCED BY REACTIONS OF ITS LIVING 
SUBSTANCE 

§ 10.— POSSIBLE AND OBSERVABLE PROPERTIES.— 
The living mixture of each species is able to produce numerous 
reactions which bring about the observable properties (so- 
called diaracteristics). In each reaction internal (s^ific) 
causes, which depend on the composition of the Uving nuxture, 
and external causes, which depend on the environment (con- 
ditions of existence), play a part. The possible properties of 
each species are very mmierous ; each individual exhibits only 
a part of them, according to the conditions of existence imder 
which it has been developed, the other properties being latent. 
What we usually call the characteristics of a species are those 
properties which become observable under ordinary circum- 
stances of life. It is in this sense that the descriptions in the 
floras and the faunas and also in anatomical and morpho- 
logical literature are to be imderstood. If the conditions are 
modified, some of the described characteristics become laieni 
and other properties appear. 

Therefore, if we wish to discover aU the possibilities (potenti- 
alities, possible properties) of a species, we must collect and 
examine specimens developed imder all the different external 
conditions under which the life of the species is possible. 

§ U.— RANGE OF POSSIBILITIES. PLASTICITY.— 
Tbe range of possibilities is very different in one species from 
what it is in another. I take as first example three species 
which are characteristic of the alpine flora : Soldanella alpina. 
Rhododendron ferrugineum and LeonUypodium alpinum. When 
these plants are cultivated in the plains (for instance, in the 
Botanic Garden at Ghent), where the conditions are different 
from those which prevail in high altitudes, they behave in 
quite a different way. Soldanella is not at all or hardly modi- 
fied, but it dies down after a certain time : the Umits of external 
conditions under which its existence is possible are rather 
narrow.* Rhododendron may be kept in the plains for an 

^ This se ems t o be the case with many vegetable species (for instance, several 
very rare terrestrial orchids) which are only found on certain spots where 
pecnliar conditions prevail. 
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is a consequence of plasticity and depends entirely on the 
conditions of life. In both examples plasticity is prominent, 
yet every living species is plastic to a certain degree. 

Other well-faiown examples of remarkable plasticity are 
the so-called light and shade leaves of many plants (for in- 
stance, Fagus sylvatica) ; the variation in the leaves of several 
thistles according as they are developed in a dry or in a moist 
atmosphere ; remarkable variations in the colours of a niunber 
of butterflies ^ produced by external influences (temperature, 
food) affecting the caterpillar or the chrysalis, etc. 

It seems as if many biologists did not pay much attention 
to the above facts. They continue to give us descriptions of 
species and anatomical contrivances as if plasticity did not 
exist. Plasticity, however, is in itself a very important pheno- 
menon, which deserves to be investigated quite independently 
of the question whether the observed variations may become 
hereditary or not. 

§ 18.— COMPLEXITY.— In certain species, which are also 
called variable or polymorphic, the observed variation is inde- 
pendent of external causes and depends on the fact that the 
species under consideration consists of two or several distinct 
hereditary forms or subspecies (elementary species) which are 
brought together under one name. EXAMPLE : Solanum 
nigrum is variable with regard to the coloiu: of the ripe fruit. 
In many localities (on the Continent) specimens with black 
berries and others with green berries are foimd side by side 
under the same conditions of existence. We know, on the 
other hand, that each of the colours mentioned is transmitted 
by inheritance (DE VRIES).* We may conclude, therefore, 
that S. nigrum is a COMPLEX species, including two sub- 
species (tnelanocarpum and chlorocarpum). Very probably 
S. nigrum includes more than two sub-species. We see, indeed, 
in BENTHAM'S Handbook of the British Flora (1866) that 

" in Britain, the stem ... is usually glabrous or nearly so, 
but on the Continent often hairy or rough at the angles," 

that the 

"berries . . . are . . . usually black, but sometimes, 
especially on the Continent, green, yellow or dingy red," 

and further, that the species is 

"varying so much in warmer regions as to have been 
described imder more than forty names " (loc, cit., p. 332). 

It is only by means of experiments that we can hope to 

* Certain of the variations alluded to have been observed fortuitously in 
the state of nature and described as very rare varieties. 

'HUGO D£ VRIES, die Mutationstheorie (Leipzig. Veit und Co.). vol. u. 
(1903), pp. 156 and 1 70-171. 
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rare : it happened sometimes that it was impossible to find one 
single perforation in all the leaves of a specimen. The plants 
were, in every other respect, quite healthy. In 1903 they were 
brought into a new greenhouse which was warmer and moister. 
After a few months the new leaves were abimdantly perforated, 
and from that time on the plant was again deserving of its 
name (J. V. BURVENICH). 

§ 16. — PLASTICITY {continued). PRIMULA, CAM- 
PANULA, CRIMSON RAMBLER.— In the preceding ex- 
amples external causes brought about differences between 
specimens of the same species. Inversely, specific differences 
may disaQ)ear under the influence of unusual conditions of life. 

EXAMPLES : In some subspecies of Primula sinensis the 
corolla is white, in others it is pink. Under ordinary circum- 
stances, the temperature being 10^ to 20° C, the colour is quite 
characteristic of each form. But if a certain pink subspecies 
is cultivated at a temperature of 30° C, the pink colour dis- 
appears: the corolla becomes white and can no longer be 
distinguished from that of a white subspecies. 

Similar facts have been observed in Campanula. Some 
species of this genus include blue and white subspecies. A 
certain subspecies with a blue corolla, when grown at a high 
temperature, is transformed into a white form (variant) which 
resembles a white subspecies. 

The crimson rambler rose is cultivated at Ghent ^ in many 
gardens. The flowers are comparatively small, very numerous 
on each flowering branch and crimson in colour. When an 
inflorescence (corymb) is crooked before the buds have reached 
their full size, the flowers of this branch, when expanded, are 
quite healthy, but white. The crimson rambler is, as it were, 
transformed into a white rambler.' 

§ 17. — PLASTICITY (continued). CALLITRICHE. — In 
two examples mentioned in § 16 a difference between two 
(sub)species disappears under conditions which are imusual or 
even abnormal. Inversely it is probable that, in numerous 
cases, two specific forms which are hardly different imder 
ordinary conditions of life become distinctly different under 
unusual drcumstances. 

EXAMPLE : In 191 1 (in Flanders) the summer was hot 
and very dry. In dried-up ditches I observed repeatedly 
the terrestrial form (variant) of Callitriche. The stems were 

> Probably introduced from England. 

* This fact was observed by Mr COLLUMBIEN, SENIOR, horticultural 
teacher at Ghent. I repeated the experiment several times with success. I 
tried to obtain in the same way a similar transformation with two other 
sorts of roses with pink flowers, but without any efiect. 
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and botanical systematic literature. Although it is often rather 
difficult to discriminate between plasticity and complexity with- 
out having recourse to experiment (see § 17, Remark), we must 
always bear in mind the fimdamental difference between these 
two kinds of variation. 

REMARK I. : The term variefy is used with different 
meanings and has therefore no longer any exact significance. 
Certaia authors have given a definition of it which they seem 
soon to have forgotten, since they use the term with various 
meanings, quite different from their own definition. In the 
floras and the faunas the term variety is often used as a 
synonym of subspecies, but unfortunately certain forms 
(variants) which depend on plasticity are also called varieties. 

REMARK II. : I use the term subspecies in the sense of 
ekmeniary species or peiite espice, because it is shorter and 
clearer than the latter expressions. I call variant any form of 
a species or subspecies which is brought about by plasticity. 
Variants are not to be designated by Latin names. (Examples 
of variants are given in §§ 12, 15, 10, 17.) 

REMARK III. : A species which includes only one sub- 
species may be called a monotypic species, whereas a complex 
species includes two or several subspecies. 

§ 19.— PURE LINES.— It is very probable that many sub- 
species (and monot5^ic species) consist of two or more pure 
lines (JOHANSEN), separated from one another by qualitative 
chemical differences of their Hving mixture which are slighter 
than those which exist between subspecies (§ 8a), each piu-e line 
being plastic. In the present state of science the discovery of 
pure Imes is only possible by means of delicate experiments. 
As well-established facts are up to now not nmnerous, our 
knowledge of this very interesting subject is still slight. There- 
fore I limit myself to this brief mention of pure lines. 

§ 80.— BUD-VARIATION.— It has often been observed 
that in a bud of a given plant a certain change takes place the 
nature of which is hitherto imknown, but the consequences of 
which are visible : the new parts (braiiches, leaves, flowers, etc.) 
produced bv the modified bud react in a new way and exhibit 
properties (characters) by which they differ from the original 
plant. This peculiar form of variation is called bud-vari^ion. 

Numerous examples of bud-variation have been mentioned 
by several authors, among whom DARWIN must be cited in 
the first place.^ 

In many cases the new parts produced by a bud-variation 

^CHARLES DARWIN. The Variation of Animals and Plants under 
Domesticaiion (second edition, 1875), vol. i. 
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multiplied in the very numerous species {Ficaria ranuncuhides, 
Ajuga reptans, PotentiUa anserina, etc., etc.) which ordinarily 
multiply by vegetative means.^ If natural bud-spedes really 
occur, it would be impossible to distinguish them from seedf- 
spedes without experiment. One would expect to find eventu- 
ally numerous specimens of them in narrowly limited localities. 

§ a.— CONTINUOUS AND DISCONTINUOUS VARIA- 
TION. — Confusion exists in the use of the terms continuous 
and discontinuous variation. 

The variation of a property is called continuous when all 
possible transitions exist between the extremes. When we 
measure, for instance, the length of the spike of a number of 
specimens of one subspecies (soH^alled race) of the rye, and set 
them in order into a series according to their length, we see 
that the measured property increases gradually from the 
shortest to the longest one : there are neitiier gaps nor jumps 
m the series (Dr C. DE BRUYKER). 

If, on the contrary, a gap is observed in the series, by which 
the measured specimens can be divided into two groups, the 
variation is called discontinuous. 

In a similar way we say that discontinuity exists when two 
groups of specimens di£ter from one another in a pair of 
properties which are distinctiy difEerent. EXAMPLE : In 
Lychnis diurna (Mdandryum roseum) the petals are pink. In 
Lychnis vespertina {Melandryum album) the petals are white. 

Those two kinds of discontinuity must be distinguished from 
one another. This subject is expoimded more completely in 
§ 130. (See also § 112.) In the present paragraph I content 
mj^elf with callinc attention to the very important fact that 
discontinuity (in tne values of one property) sometimes occurs 
in a group of specimens between which no specific difference 
whatever exists, and that, on the other hand, continuity is 
often observed although the specimens imder consideration 
belong to two (or even more) distinctly different specific forms. 

§ 22.— ADAPTATION. ACCOMMODATION.— There is a 
relation between variation and so-called adaptation. A strict 
distinction ought to be made between individual adaptation 
{accomtnodaiion) , which is the consequence of plasticity, and 
the HYPOTHETICAL adaptation of the species, which is 
supposed to be produced by natural selection (Darwinism) 
or by the hereditary transmission and fixation of individual 
adaptation (Neo-Lamarckism). (See on this subject §§ 44-45.) 

§ 28.— VARIATION UNDER CULTIVATION OR DO- 
MESTICATION AND IN THE STATE OF NATURE.— The 

* A rather laige number of indigenous species rarely bear seed. 
B 



^ 
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idea that plants and animals are more variable mider cultiva- 
tion and domestication than in the state of nature is adopted 
by almost every biologist. 

It may be asked, however, whether there is not a certain 
exaggeration in that belief. 

When a plant species, taken from the state of nature, is 
cultivated in a garden, we ordinarily grow a large ntunber of 
specimens side by side. We pay much attention to our plants, 
looking at them again and again, and comparing them with one 
another. In this way we discover nimierous and often un- 
expected individual differences. In the state of nature, on the 
contrary, the specimens of a given species are ordinarily more 
isolated from each other and therefore we have less opportunity 
to make comparisons. It happens very rarely that we observe 
carefully more than half-a-dozen specimens : this brings about 
the impression that there is less variation than among the 
cultivated plants. 

If we compare a large number of specimens growing wild we 
are often compelled to collect them from a rather l^ge area. 
A botanist who has collected two hundred specimens of a 
given species from an area of a hundred square miles, who has 
studied attentively the variation of the collected material and 
compared this with the variability of an equal number of culti- 
vated specimens of the same species, belongs to a rarissima 
species. 

If we only take the necessary trouble we shall see that varia- 
tion (it may be complexity or plasticity) in the state of nature 
is greater than we fancied. In July and August, 1916, 1 com- 
pared several himdreds of specimens of Dactylis glomeraia 
collected between Withington and Alderley Edge (near Man- 
chester), along the roads, on meadows, on waste groimd and on 
the heath. Although shady and distinctly wet places were 
purposely excluded, the plants were very variable with regard 
to tibe length of the intemodes, the dimensions of the leaves, 
the number and the length of the branches of the panicle and 
the density of the clusters of spikelets. When the extreme 
forms were placed side by side it seemed at first sight as if they 
belonged to different species. Phleum praiense was observed in 
the same way in the same district : in this species the variation 
was on the whole less marked, although notable in the length 
of the spike-like panicle (from 8 to i^ mm.).^ I have made 
similar observations in Flanders, observing the variation of 
several properties of Centaurea nigra, CaUuna vulgaris, Stellaria 
hohstea, Stellaria media, Stellaria uliginosa, Primula elatior, 

^ Hoicus moUis is exceedingly variable (plastic) in the Manchester district. 
The herbarium of the University of Manchester contains an unlabelled 
specimen of Ph. praienss the inflorescence of which has a length of 194 mm. 
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Hypericum perforatum, etc. I was again and again brought 
to the conclusion that the species under natural conditions 
are on the whole more variable than we are tempted to 
believe. 

Among wild animals examples of astonishing variation are 
found as soon as attention is paid to a large nimiber of speci- 
mens. EXAMPLES (observed in Flanders) : Rana tempo- 
raria is very variable with regard to its colour. This is also the 
case with A phrophora} Eristalis tenax,* Neritina fluviatilis, etc. 
On the dunes near the Flemish coast (Ostend, Blankenberghe, 
etc.), on certain hot summer days, CocdneUa novemdecim- 
punctata is found in miUions of specimens. If one collects 
several hundreds of them, places them side by side and observes 
them with a glass, one is astonished by their diversity. It is, 
however, very difficult to accept the suggestion that com- 
plexity is here in play. 

The above examples of variation among animals are rather 
exceptional. It is incontestable, however, that even in ordinary 
cases we overlook variation in the state of nature because we 
almost never compare a sufficient number of specimens. 

The conclusion is that the influence of cultivation and 
domestication on variation is on the whole less important than 
we have been told. Many years ago, at a time when our know- 
ledge of variation was incomplete, attention was called to the 
variation of cultivated and domesticated species (DARWIN). 
Ever since, numerous new observations have been made, but 
the fundamental distinction between complexity and plasticity 
has been continually overlooked. Preconceived theories 
(Darwinism, Neo-Lamarckism), combined with the obsession 
of adaptation, have prevailed too much in the minds of many 
observers. 

§ 24.— VARIATION UNDER CULTIVATION (continued). 
PLASTICITY OF MONOTYPIC SPECIES.— When we bring 
a plant species under cultivation the conditions of existence are 
more or less modified. They may be less favourable ' than in 
the state of nature, or they may be on the whole better, the 
plants being grown in a manured soil, at sufficient distances 
Irom one another, and watered, and protected against the pre- 
judicial influence of weeds. The gardener often succeeds, after 
several fruitless attempts, in finding the best possible conditions. 

* Here variation depends probably to a considerable extent on the fact that 
the larvae ol Aphr. spumaHa live on various species of plants. 

'This species was formerly exceedingly common in Flanders, the larvae 
being injurious to flax in the rettories (retting-ponds). It has been, like 
many other flower-visiting insects, almost completely destroyed by the cool, 
rainy summers of 1909-1910. In 191 1 it was rather a rarity. 

* That is to say, less appropriate to the needs of the species. 
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and this property is variable.^ Nothing, however, is changed 
in the specific plasticity. The property Jasciation becomes 
visible, in the same way in which the floating leaves of Ranun- 
culus scdertdus (see § 12) become visible when this species is 
developed in water. 

§ 26.— VARIATION UNDER CULTIVATION (continued). 
COMPLEX SPECIES. — ^Suppose now that the species which is 
brought under cultivation is a complex one, consisting, for in- 
stance, of two subspecies. If these coexist in the same locality 
(which is very often the case) , hybrids may occur. Many hybrid 
specimens resemble one of the parents, although one (or several) 
properties of the other parent are latent in them. If one of the 
seeds collected in the state of nature is a hybrid, we may obtain 
in the garden, in the first or in the second cultivated generation, 
specimens of two kinds (regression, MENDED, and according 
to the principle of segregation (MENDEL. See § 33), it may 
happen that even more than two kinds of plants appear, 
and this may be repeated in several successive cultivated 
generations.^ 

Numerous species which are looked upon as being mono- 
typic are actually complex. Some of their subspecies, being 
rather rare, are overlooked or looked upon as being occasional 
deviations, monstrosities, anomalies and, in general, curios- 
ities.' On the other hand, many of them have been described 
as varieties or species properly so called.* It may therefore be 
surmised that many species which have afforded examples of 
new properties when brought imder cultivation were actually 
complex species. If we don't know that a cultivated species 
is complex, we may be tempted to believe that variation has 

^In the given example (observed in my private garden with (Enothera 
biennis ; seeds c<^ected at Deuiel, near Ghent) the differences between the 
cultivated specimens with regard to fasdation depend on differences in the 
conditions of existence. These conditions are always different ixosn. one 
specimen to another, even when all possible precautions to avoid them are 
taken by the gardener. If the plants, for instance, are sown in a seed-pan and 
afterwards transplanted cme by one, a slight difference in the manipulation 
of two specimens (roots more or less disturbed, young stems more or less 
pressed between the fingers, etc.) may have an important influence upon their 
further development. 

s In this way new forms (new combinations of properties), which have never 
been observed before, may be obtained. 

* EXAMPLE : In Flanders, Centaurea cymms includes, as far as I know, three 
subspecies : (i) blue flowers, very common ; (2) white flowers, uncommon ; 
(3) purplish flowers, rare. Many seed-fixed subspecies of Centautea cyanus 
are found in seedsmen's catalogues (see, for instance, the price list of HAAGE 
and SCHMIDT, Erfurt). See also Solanum nigrum, § 13. 

* Innumerable species of Mentha, Salicomta, Erythraa and many other 
polymorphic genera have been described. Although the ^^reat majority of these 
so-called species are simply based upon variants (variations produced by con- 
ditions of existence), there are certainly a number of subspecies among them. 
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the characteristics of iorsus. One might think that a very re- 
markable variation has been brought about by cultivation, 
the more so because the twisted stems would be hereditary by 
further cultivation under favourable conditions. Many hofit- 
cuUural species which have been found in a seed-pM have 
probably a similar origin. In reality, in such cases, no new 
form is produced, the property of plasticity is not modified, but 
unusual external causes have brought about unusual reactions 
of the living mixture, which are no longer observed as soon as the 
unusual causes have ceased to prevail. 

Among the subspecies (races) which have been investigated 
by H. D£ VRIES in the same way as Z>. silv. iorsus, with 
similar results, several subspecies with fasdated stems, asddi- 
form leaves, three cotyledons, etc., may be mentioned. 

§ 28.— VARIATION UNDER CULTIVATION (continued). 
REMARKS. — I think that the great majority of the examples 
of variation under cultivation, which are mentioned in bio- 
logical Uterature may be brought into the four following 
groups : — 

(i) Greater variation imder cultivation is simply a delusive 
appearance, a consequence of incomplete information about 
plasticity in the state of nature (§§ 23, 24). 

(2) Certain properties which are always or almost always 
latent under natural conditions become observable imder ue 
unusual conditions which prevail in a garden (§ 25). 

(3) When the cultivated material is regarded as being mono- 
typic, although it is complex, the properties of certain of its 
monotypic components may become visible under cultivation 
because certain specimens are hybrids (§ 26) . 

(4) When the cultivated material is looked upon as being 
monotypic, although it is complex, the properties of certain of 
its monotypic components which are latent or very rarely 
observable m the state of nature may become visible under 
the new conditions which prevail imder cultivation (§ 27). 

It. is easily realized that several of the possibilities alluded to 
may coexist and bring about various and intricate combina- 
tions in one group of cultivated plants. 

In ^ort, it seems as if our ignorance about complexity and 
plasticity among plants and animals under natural conmtions 
were the origin of the belief that variability is increased by 
cultivation or domestication. (A restriction is made in note 2 
on p. 20 ; see further the present paragraph.) 

Botanists and zoologists who are collectors may make much 
progress by observing and collecting specimens which exhibit 
unusual properties, inscribing on the labels exact information 
about Uie conditions of existence and about certain properties 
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(colours, etc.) which often disappear in the collections after a 
certain time. This method has been followed by Mr PH. 
DAUTZENBERG (Paris), in whose princely collection of 
shells the variation of nimierous speaes is represented by 
unrivalled series of specimens. 

It is, however, possible that the imusual conditions of life 
which prevail imder cultivation may result in a quantitative 
modification of the living substance of certain specimens (note 2, 
p. 20), or may produce, directly or indirectly, a qualitative 
change — ^that is to say, a mutation. (See §§ 8a and 9.) 

It would be safer to have recourse to those hypo^eses and 
to use the terms sport, saltation or mutation only after we have 
tried in vain to find another explanation. 



PART III 

QUANTITATIVE METHOD AND PRIMORDIA 

§ 29.— SUMMARY OF PARTS I. AND II. (§§ 1-28).— The 
living substance of each monotypic species (or subspeaes) is a 
mixture of a certain number of chemical entities (bioproteins ?), 
each specific mixture differing from aU others at least by one 
component. When the qualitative composition of a specific 
mixture is altered> a new specific form (sport, saltation or 
mutation) is produced. 

Each observable property of a species is produced by a 
reaction in which its living mixture as well as external causes 
(conditions of existence) play a part. In each species the 
number of possible reactions and therefore of possible pro- 
perties is very large. In a given specimen a part only of the 
possible properties is observable, the others being latent. 
External causes (temperature, light, food, etc.), which are, of 
course, very variable, determine wUch properties are observ- 
able and which are latent in each specunen. This produces 
variation (plasticity ; variants) within the limits of each species 
without any qiialitative alteration of its living mixture. 

External causes may produce a quantitative alteration of 
a specific mixture. This alteration (and the corresponding 
alterations of the observable properties) may be transmitted 
by inheritance and augmented by (artificial) selection (but 
never beyond the specific limits as long as the external causes 
do not bring about a saltation). 

Another form of variation depends on complexity. A 
species is complex when it consists of two or more subspecies 
which differ from each other by qualitative differences in the 
constitution of their living mixture slighter than the specific 
differences. Each subspecies is plastic just as is the species. 

In both plasticity and complexity the variation of a given 
observable property may be continuous or discontinuous 

(§ 21). 

In Part II. I have mentioned a number of facts which 
prove that plasticity is greater than is actually realized by 
most biologists. 

When we say that the (observable) properties of a species 
are hereditary, we must add the proviso that they are trans- 
mitted only when the external causes remain the same in the 

25 
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§ 81.— THE USE OF THE QUANTITATIVE METHOD 
IN THE DESCRIPTION AND CLASSIFICATION OF 
SPECIES. — LINNiEUS adopted a classification of the vege- 
table kingdom founded to a large extent on the number of 
stamens and pistils. For instance, the classes I. to X. of the 
Linnaean ^tem included plants with one, two . . . ten 
stamens. Each class was divided in its turn into orders 
according to the nimiber of pistils, etc. This system has be^sn 
severely criticized and even violently attacked. It is certainly 
unnatural, but botanists have overlooked the creative power 
of the principle upon which it is based. 

In the description of the mammalia we use the dental 
formula which indicates the number of incisors, canines, etc., 
in each species. 

The ichthyologists *find important specific characteristics in 
the number of dorsal and anal fins, in the number of their rays 
and also in the number of scales. 

In the description of articulate animals much importance is 
attached to the number of segments (somites, articles) of the 
body, the legs, etc., the number of eyes, and even the number 
of certain lands of hairs. LATREILLE is the author of a 
classification of the coleoptera based upon the number of s^- 
ments of the tarses {PetUamera, Heteromera, Tetramera, etc.) 
which has rendered and is still rendering good services. 

The mosses have been classified according to the number of 
teeth of the peristome. 

One of the first applications of the quantitative method has 
been the measurement of the facial angle. An interesting 
application is the so-called bertiUonage. This is the description 
oi a person by means of a combination of figures, obtained by 
measuring certain properties. 

We see from the above examples that the quantitative 
method has already been used to a large extent. 

Most biologists, however, look upon the use of quantitative 
data as being something artificial. They overlook their 
PRACTICAL importance for the identification and the exact 
description of Uving beings — ^in general, for the exact descrip- 
tion and comparison of biological facts — whatever may be their 
value as a base of classificikion and independently of any 
theory. 

§ 82.— THE MEASUREMENT OF VARIABLE PRO- 
PERTIES. BIOMETRY. — The use of the quantitative 
method has been hitherto almost entirely confined to the 
measurement (including counting) of properties which are in- 
variable or almost invariable. Its application is more difficult 
when we want to investigate variable properties. Every 
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measured property is obtained, which may be represented by a 
table of figures, or plotted out in the form of a diagram, in 
which the intervals are represented by equal segments of a 
horizontal line and the number of specimens in each interval 
by the length of a correspondii^ vertical ordinate erected in the 
middle of the interval. 

EXAMPLE: D. C. MINTOSH has measured the disc- 
breadth of looo specimens of Ophiocoma nigra.^ The following 
curve was obtained (in millimetres) : — 



Disc-breadth 
Specimens 
IHsc-breadth 
Specimens 



456 

6 17 34 
II 12 13 

174 141 90 



7 8 9 10 mm. 
59 109 137 195 
14 15 16 17 nun. 
26 9 I 2 



The arithmetical mean of all the measurements (10,106 mm. : 
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FlG. I. — Variation Curve of the Diac-Breadth of Ophiocoma Nigra. 

14 Intervals 

1000) is lo-ii nun. The most frequently occurring measure- 
ment is one of 10 mm. 

We remark (i) that there is a heaping up of the measure- 
ments (specimens) in the region of the mean value ; (2) that 
measurements deviating from the mean (himip of the curve) 
occur less and less frequently in a rough proportion to their 
d^ree of deviation ; (3) that the measured property varies 
between certain limits (4 and 17 nmi.) ; (4) that tiie distribu- 
tion of the measurements follows approximately the law of 
frequency of error and is therefore ruled by chance (see § 108) ; 
(5) that two factors are taken into accoimt : the absoltUe value and 
ti^e/r^^M^ncy of each measurement. (Example: the frequency of 
the specimens the disc-breadth of which is 7 nun. is 59 : 1000.) 

Usmg the method of which the above example gives some 

» D. C. M'lNTOSH. "Variation in Ophiocoma Nigra." Biometnka, vol. ii. 
(1902-1903), pp. 463-473. 
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The importance of the ingenious statistical method initiated 
by QUETELET was not realized for many years. His work 
has been scorned and ridiculed by certain biologists. 

WALLACE has done perhaps more than any other scholar 
to call attention to the method of QUETELET, by giving in 
his widely distributed book on Darwinism ^ a series of diagiams 
illustrating the variation of certain properties in several animal 
species. 

QUETELET'S results have been confirmed and extended by 
FRANCIS GALTON,* who ultimately introduced the statistical 
method into biological science. 

Among the nimierous statistical researches which have 
already been published, the experiments of JOHANSEN on the 
pure lines (see § 19) deserve a special mention, not only because 
the notion of pure lines is important in itself, but because this 
author has called attention to the importance of the extreme 
values and also to the fact that two or several distinct curves 
may produce by their association one regular variation curve, in 
which it is impossible to discover (without experiment) or even 
to suspect the heterogeneity of the material. 

In 1901 a special review, Biometrika,* devoted to biostatis- 
tical researches, was founded by WELDON, PEARSON and 
DAVENPORT, and this part of biological science has been 
called Biometry. A large amotmt of valuable material has 
already been collected. The biometrical researches, however, 
have been hitherto rather fragmentary. 

The biometridans have constructed numerous variation 
curves and skilful calculations have been made, but the in- 
vestigated properties have been taken a good deal at random, 
from species which belong to very different groups of the zoo- 
logical and botanical kingdoms. Although numerous examples 
of correlation have been studied, there exist on the whole neither 
morphological nor physiological relations between the pro- 
perties wMch have been the object of measurement, and there 
IS no systematic relation between the species of which pro- 
perties have been measured. Therefore descriptive natural 
science has only in exceptional cases found any help from the 
results of biometrical work, however important this work may 
be in itself. 

There seem to be, moreover, two weak points in biometry : 
FIRSTLY, the exaggerated importance ascribed to the mean 
value. A mean vsdue is not always the quantitative expression 
of a fact, of a reality ; it is often a rather artificial result of 

* ALFRED RUSSEL WALLACE, Darwinism. London, Macmillan, 1890. 

* F. GALTON, Natural Inheritance. London, Macmillan, 1889. 

' Biometrika, a Journal for the Statistical Study of Biological Problems, edited 
in consultation with FRANCIS GALTON by W. F. R. WELDON, KARL 
PEARSON, C. B. DAVENPORT, Cambridge University Press. 
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property tallness, which appears in F^ to the exclusion of the 
opposite property, was caUed by MENDEL a dominant char- 
Oder ; dwarfness, which disappears in F^, he called recessive. 

The tall cross-bred F^ in its turn bore seeds by self-fertiliza- 
tion. These are the next generation F, (second filial genera- 
tion). When grown up they proved to be mixed, many being 
tall, some being short, like tiie tall and the short grandparents 
respectively. Here the quantitative method was appUed. 
Upon counting the membCTS of this F, generation it was dis- 
covered that tiie proportion of tails to shorts exhibited a certain 
constancy, averaging about three tails to one short, or, in other 
words, 75 per cent, dominants to 25 per cent, recessives. 

These F, plants were again allowed to fertilize themselves 
and the offspring F, of each specimen was separately sown. It 
was then found that the offspring F, of the recessives (F, 
dwarfs) consisted entirely of recessives. Further generations 
bred from the recessives a^ain produced recessives only, and 
therefore the recessives which appeared in F, are seen to be 
piure to the recessive property (dwarfness). But the tall F, 
plants (dominants) when tested by the study of their offspring 
F„ instead of being all alike, proved to be of two kinds— viz. 

(a) Plants a which gave a mixed F, consisting of both tails 
and dwarfs, the proportion showing (just as in F,) an average 
of three tails to one dwarf (75 : 25). 

(b) Plants b which gave tails only and are thus pure to tallness. 
The ratio of the impure plants a to the pure plants b was 

as 2:1. The whole F, generation therefore consists of three 
kinds of plants, although, by external appearance (visible 
properties), it seems to consist only of two kmds. There are, 
in fact, in F, two kinds of dominants (a and b) — viz. 

25*/o 6 50% a 2$% 

pure dominants impure dominants recessives 

% ^ / V y / 

3 dominants i recessive 

The result is exactly what would be expected if both male 
and female germ-cells of the cross-bred F^ were in equal number 
bearers of either the dominant (Z)) or the recessive (R) property, 
but not both. If this were so, and if the union of the male and 
female germ-cells occurred at random, the result would be an F, 
family made up of (supposing 100 seeds to be taken) ^ 

25 Z)Z) + 25 Z)i? + 25 i2Z) + 25 RR 

^ In each pair of letters the first letter represents a 6 and the second a 9 
germ cell. 

If the union occurred at random, the four possible combinations D <$ x D 9 , 
Di XR9, Ri xD9 and /? <5 x i? 9 would occur in equal numbers, because 
there exists no reason why one sort of combination would be more favoured 
than any other. 
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The s^;regation of each pair of properties has taken place as 
if the other pair did not exist. In respect to the pair D, R the 
plants are divided into two groups D and R ; in each of these 
the plants are divided in their turn into two groups d and r — ^viz. 

F. 



D 

M. 


R 


d r 


d r 


Od Dr 


Rd Rr 


a y 


p a 



Visible properties 

Groups .... 

In another experiment MENDEL crossed two subspecies 
which differed in three properties of the ripe seeds — viz. 

Subspecies a : seeds round (Z)), albumen yellow {d), seed- 
coat grey-brown (8). 

Subspecies b : seeds wrinkled (R), albumen green (r), seed- 
coat white (/>). 

In the F, generation eight sorts of seeds were obtained: 
Dd^, Ddp, DrB, Dtp, RdS, Rdp, RrS, Rrp. All the results were 
governed by the same rules as the two first experiments. 
(Complete explanation is given in § io6.) 

In a similar way as QUETELET'S work, the discovery of 
MENDEL passed unnoticed for a long time. Even the famous 
NAGELI failed altogether to realize the importance of it.^ 
About 1900 MENDEL'S paper was discovered almost simul- 
taneously by three botanists, CORRENS, TSCHERMAK and 
DE VRIES. These three repeated independently from each 
other MENDEL'S experiments and confirmed his results. 

Since then numerous researches along the lines initiated by 
MENDEL have been carried out. A number of experiments 
have given results similar to those arrived at by MENDEL. 
In other cases the results of hybridization are more complicated. 
Several of these, however, have already been elucidated. 

MENDEL has added to biological science a new branch 
(Menddism) which is remarkable by the rigour of its reasoning 
and the exactitude of its conclusions. Both qualities are the 
result of the use of the quantitative method, based here upon 
counting in each generation the specimens in which the pro- 
perties of the crossed subspecies are visible, latent or vanished, 
and comparing the figures.^ 

MENDEL not only devised a magnificent method for the 

»Sec BATESON, loc, cU., p. 314. QUETELET and MENDEL met the 
same fate as BIARIOTTE, KOELREUTER, CHR. K. SPRENGEL and 
several other botanists whose fundamental discoveries were overlooked for 
many years. 

' This method of investigation is (juite independent of MENDEL'S skilful 
suggestions about dominant or recessive properties and segregation. 
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(Fi plants) the possibility D produces a reaction by which the 
property D becomes observable. The property R is latent, 
although the possibility R exists. In the offspring F, of any 
specimen whatever of F^^ the possibility R awakens and thSe 
property R becomes visible in 25 per cent, of the children. In 
a similar way the transmission of the possibiUties D and R 
may be traced through the Fj, F4 . . . generations (although 
the property R may be concealed in an imlimited lineage of 
successive seed-bearers) because the possibiUty R is permanent 
in the impure plants (true hybrids ; heterozygots) DR. 

REMARKS : (i) There is no difference in the observable 
properties between the DD and the DR plants, although a 
difference in the possibilities exists. 

(2) The appearance of the property R (which is only possible 
in the RR plants) indicates the disappearance of the possibility 
D, 

(3) The possibiUties D and R may exist simultaneously (they 
are not incompatible) although the properties D and R are 
exclusive of each other. 

The facts aUuded to in the present paragraph are inconsist- 
ent with the notion that transitory or transitional forms (con- 
tinuity) exist between the crossed species. 

§ 86.— MENDELISM. THE NOTION OF SPECIES {con- 
tinued). EXCEPTIONS WITH REGARD TO THE PRO- 
PERTIES. — In certain cases an intermediate property between 
the properties D and R is observed in the ofbpring F^ of a 
cross. 

EXAMPLE : In Hyoscyamus niger subsp. annuus (this is 
the ordinary form) the corolla is brown, in H. niger subsp. 
paUidus it is pale (the brown colour does not exist). The cross 
gives Fj plants with flowers of an intermediate tint, almost 
exactly as if one part of the brown colour of annuus had 
been diluted by addition of one part of the pale colour of 
paUidus,^ 

BATESON has given a very interesting discussion of this 
subject (intermediates and exceptions, loc. dt,, pp. 235-244 and 
245-265). He divides the examples of intermediate properties 
and other exceptions on the rules laid down by MENDEL into 
several classes. On the whole, we may conclude from the facts 
mentioned by BATESON that in many examples it is possible 
to prove that a so-called intermediate form exists only with 
regard to a pair of observable properties, while the possibilities 
are distinct and transmitted according to the principle of 
segregation. 

^CORRENS, " UeberdiedoniiiiierendenMerkinaleder Bastarde." Bmr.dma. 
boi. GesMsch. (igos), tocl., p. 133. Quoted according to BATESON, loc. cii. 
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has been produced.^ This subspecies is strictly distinct from 
its parents by the seed-fixed possibility H even if the corre- 
sponding property H were variable, inclining teoneoclinous) 
sometimes toward one of the parents or toward^ the other, 
according to the principle of plasticity. (Compare the variable 
colour of the peas, p. 38.) 

We might be tempted to call the new subspecies H an inter- 
mediaie between the parents. The term intermediaie impUes, 
at least in biolojgical language, the idea of transition, gradual 
passage, continuity. Since the subspecies H is strictly distinct 
from both parental species (in spite of the possible variabiUty 
of the property H), it is not a transitory form. Therefore I 
think it is preferable to call it an interposed subspecies. (See 
§ 105.) 

The difference between ifcmsUory and interposed may be easily realized by 
means of a comparison. The two parental species may be compared to two 
terms a and c of a chemical series, for instance — ^the acrylic series (§ ^ ), in which 
the atoms of carbon are n and n + 2 in number. Between the chemical species 
a and c certain differences exist in the observable properties — for instance, in 
the temperature of fusion. The subspecies H is comparable to the term b 
in which the number of atoms of carbon is n + i. The term b is separated 
from a and c by two distinct g[aps with regard to the constitution of its mole- 
cule and also by its melting-point.* There is no continuity between a, b and c. 
The term b is not transitory, but interposed between a and 6. 

The number of facts which are ruled by the principle of 
segregation is very large, and the examples which at first sight 
seemed to be exceptions, but were later on proved to follow titie 
Mendelian rule, are aheadv numerous. Even if exceptions 
really exist, it is impossible not to accept the principle of 
segregation in point of fact as a biological lule. 

Perhaps we may again have recourse to a comparison. Every 
biologist accepts as a rule the proposition that the develop- 
ment of a female germ is impossible without fertilization, 
although numerous examples of parthenogenesis are known. 

It is also accepted as a rule that flower- visiting insects (bees, 
etc.) play an important part in the fertilization of flowers. 
The number of species which are partially or completely sterile 
when deprived of the aid of insects is so large that any doubt 
about the reality of the mentioned rule is excluded, although 
many examples of self-fertile plants are known, and although 
in a number of flowers which are visited by crowds of insects 
attracted by honey and perfumes seeds are produced by 
apogamy. 

iThis conclusion was adopted by JANCZEWSKI with reference to the 
hybrid Anemone sUvestrisxmagellanica. (Bateson, loc. cit., pp. 250-251.) 

If this suggestion were proved to be exact we would find in hybridisation 
one of the possible causes of mutation. (In ( 9 another possible cause is men- 
tioned. See also § 105.) 

* Although this temperature is variable according to external influences, 
such as pressure, for instance. 
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In a similar way the pnncifie of segr^ation ou^t to be 
looked upon as being a bidogical mle,^ in spite ci possible 
exceptioiis. Therefore the concIosiKm expressed in the first 
I^irase of §34 is 



§ 86.— MENDELISM (continued). SIMPLE AND COM- 
POUND PROPERTIES.— A very important result of the 
Mendelian experiments is the conception that eadi property is 
in itself something definite, in a certain sense a unit which has 
a proper existence. By hybridization it is possible to trans- 
plant a given property from one species to another, as if the 
nving individuals were the soil, the su b s tiaiu m oa which the 
IHX)perty grows. 

We may express this conception in a difEerent way by saying 
that a reaction in^ch results in a certain property may be- 
come possible in a species a in which it never occurred before 
when the composition of the fiving substance of a is altered by 
hybridization. 

From a number of Mendelian experiments it may be con- 
cluded that the observable properties ought to be brought into 
two classes : 

(i) Simple properties (soK:alled elementary characters'), 
wfaidi it is impossible to decompose into more properties. A 
simple property might be called a PRIMORDIUM.» 

(2) Compound properties, which at first si^t seem to be 
simple, but depend on the coexistence of two or more simple 
proporties. In other words, a compound property is a com- 
bination of primordia. 

This distinction is of the highest importance for the study of 
many biological problems, especially in descriptive natural 
science, in which simple and compound properties are con- 
tinually confounded. 

A simple property is seen to be an entity. A compound 
property may be decomposed into its components in several 
ways, especially by Mendelian segr^ation. (See § 38.) 

EXAMPLES : In numerous cases a given colour of a species 
is a primordium, depending on the presence of one colouring 
substance. When the coloured species is crossed with a 
colourless one, segr^ation produces in the second hybrid 
generation (F J two sorts of specimens : coloured and colour- 

^ I avoid purposely the tenn law. See, on the distinctioii between law and 
rule, my lecture on " The Place of Science in History." Mem, and Proceed, 
Manchester Liter, and Philos. Soc., vol. lix., Part III. (1914-1915), p. 35. 

* I avoid the term demeniary. This term has various sif^nificances (see the 
dictionaries) and is therefore one of tiie rather numerous Imguistic nuisances 
which embroil our notions and bring confusion to the mind of the biologist. 

' This term is used by Lucretius in the sense of chemical element, thus in ttio 
sense of a simple sometiiing. 
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less {yellow and white endosperm in maize. See BATESON, 
loc. cit., p. 41). 

In other cases a colour Z, which seems to be a primordimn of 
a species s, depends on the coexistence of two colouring sub- 
stances a and b. When the coloured species s is crossed with a 
colourless one, since each colouring substance is submitted to 
segregation independently from the other (see § 33, p. 35), the two 
components a and b (both dominant when they meet white) are 
separated among the F, plants according to the following 
scheme : — 

Coloured species x Colourless species 
(Colour Z=^a + b) \ {Colour white) 

Fi 

{colour Z) 

I 

a white ^ 



.^M^ 



b white b white 

{colour Z) {colour a) {colour b) {colour white) 

In this way two primordia a and b which existed but were 
not discernible ^ in one of the parental species become visible 
in two groups of the F, generation. It seems as if two new 
properties had been produced by hybridization. 

§ 87.— MENDELISM {conHnued). OBSERVABLE PRO- 
PERTIES AND HEREDITARY FACTORS.— In this book 
a property is looked upon as being a something which exists in 
itself. I content myself with the general notion that a pro- 
perty is the product of a reaction of the Uving mixture, the 
observable symptom of a certain possibility, without more. 
The scholars of the MendeUan School go further : they try to 
analyse the possibilities. 

They start from the hypothesis that in each species certain 
hereditary factors (determiners) exist which bring about 
certain reactions by which the properties are produced. In the 
successive generations F^, F51 . . . produced by a hybridization, 
the factors of the parental speaes are brought together or 
separated from one another according to the rule of segregation. 
In other words, the principle of segregation is no longer applied 
to the observable properties, but to hypothetical hereditary 
factors. 

The Mendelians accept further the view that certain pro- 
perties depend on the presence of one factor, while others are 

^Certain persons who are endowed with a highly developed colour-sense 
may be able to discern the colours a and b in the mixture Z of the coloured 
species s (lor instance, in certain subspecies of MaUhiola). 
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shady places fin woods) the pigment does not exist and the grey 
colour is visiole. The spikelets are therefore shiny grey ; in 
other words, silvery-grey. 

Numerous similar examples will be undoubtedly observed as 
soon as the attention of the describing naturalists is called to 
this subject, and the descriptions will become more accurate. 

Dissociation by Gradation} — I call gradation the variation of 
a given property along a given axis. TTiis subject is ex- 
pounded in Part VIII. In this paragraph I content myself 
with one example. 

In Holcus lanaius (fam. Graminea) the sheaths of all the 
leaves of a fertile stem are clothed with down. Holcus mollis 
is described as being not generally so downy. In the latter 
species, according to my oteervations (numerous specimens in 
tiie neighbourhood of Manchester, August-October, 1916), the 
primordium downy is variable along the fertile stem, which is 
here the axis of gradation. Comparing the successive leaves 
from below upwards to the (terminal) panicle, we observe that 
the sheath of the lowest leaf is downy * ; proceeding upwards 
we see that the down gradually diminishes on the successive 
sheaths. The sheath of the upper leaf is always deprived of 
down (or hardly downy at its oase). In this way in Holcus 
mollis the property downy is distinctly segregated from the 
property glabrous (absence of down) when the upper leaf and 
the lower leaf are compared. 

If the sheaths of the successive leaves of one fertile stem of 
H. mollis are placed in order into a series according to their 
position along the axis, the variation of the primordium downy 
is the same as it would be among the hybrids produced by a 
cross between H. lanatus and a glabrous species of Holcus, 
supposing that among these hybrids the extremes (parental 
properties) downy and glabrous were connected by a series of 
transition forms.' (See § 35.) 

According to the above, the difference between both species 
may be described in the following way * : — 

H. lanatus : sheath of the upper leaf of the fertile stem 
downy. 

H. mollis: sheath of the upper leaf of the fertile stem 
glabrous (rarely downy at its base). 

^ Compare : " Segregation of the Parental Characters in Seminal Hybrids 
by Bud-variation.'^ DARWIN. The VaHoHon of Animals and Plants under 
Domestication (second edition, 1875), vol. i., p. 425. 

' The down is still visible during the flowering period, althon^ the sheath 
is already fading. 

' It would be interesting to know whether a Holcus with glabrous sheaths 
exists, and to cross it with H. lanatus. 

* The description here given is applicable to the specimens observed in the 
Manchester district. It would be mteresting to repeat my observations in 
other districts or codntries. 
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possible along four different lines. MendeHan segregation 
conesponds to one of these lines : it is a particular example of 
a phenomenon the importance of which extends far beyond tike 
limits of Mendelism. It may be anticipated that the study of 
gradation, plasticity and ontogeny with regard to segregation 
may throw new light upon the facts observ^ in hybridization, 
ana hnng more accuracy to descriptive natural history. 

§ 89.— MENDELISM (continued). THE MENDELIAN 
METHOD OF DESCRIBING HYBRIDS IS APPLICABLE 
TO THE DESCRIPTION OF SPECIES.— MENDEL has 
initiated a new method for the description of hybrids. Accord- 
ing to this method each hybrid is characterized by the co- 
existence of two or several properties (primordia). 

EXAMPLES : When two species which differ in two pairs 
of properties D, R and d, r are crossed the F, generation con- 
sists of four sorts of specimens characterized by the combina- 
tions Dd, Dr, Rd, Rr. In a similar way, when the crossed 
species differ in three pairs of properties D, R; d, r and 3, p, 
ei^t sorts of specimens are observed in the F, generation — ^viz. 

DdS Ddp RdB Rrp 

DrS Rdp 

Drp RrS 

This method is applicable to the description of all living 
beings. It may be adopted for the description of subspecies, 
spedes, genera, etc., as often as it is possible to discern a suffi- 
cient number of primordia susceptible of a strict definition. 
(A general application of the method is possible when the 
primordia are expressed by measurement. Each description 
becomes then a combination of figures. See Part IX.) 

It happens very rarely that one property {eigenschap, Eigen- 
schaft) is a character — ^that is to say, a distinctive mark (ken- 
merk, Kennzeichen) — ^by which a species may be distinguished 
from others. A species (just as a hybrid) is almost always 
chaiacterized by the coexistence of several properties : their 
combination is a character. 

Let us consider the six following properties of a flower : — 
5 sepals; 5 petals; 5 stamens; i ovary; 5 styles; petals 
blue. Each of these properties exists in numerous species and 
is not a characteristic as long as it is taken separately. But 
flowers in which the six properties exist at the same time are 
found only in a very small number of species of the genus 
Linum. If each property was represented by a letter, the six 
letters being associated into a combination, this would enable 
us to recognise the two or three species of Linum under con- 



50 THE QUANTITATIVE METHOD IN BIOLOGY 

On the other hand, they look upon this method as being an 
impossibility in descriptive science, or a fearful something 
because of the long labour required for the measurement of the 
properties of animals and plants. It seems as if they did not 
reaUze that, for instance, the determination of the duration ^ of 
the three periods of the contraction of a muscle and the measure- 
ment of the relations between fatigue, temperature, intensity 
of the stimulus, etc., and these periods require very long ana 
exceedingly delicate work, and that numerous experiments are 
needed to estabU^ one figure. 

The aim of the quantitative method in descriptive science is 
not only to describe exactly the properties of the species and to 
make an inventory of the forms of life. This is important enough 
in itself, but there is more. It is difficult to obtain exact data 
about the development and the anatomy of animals and plants 
as long as the observed facts are described by means of mere 
terms. It is still more difficult to discover the origin of species 
and their phyletic relations without an exact knowledge of the 
investigated species. This can only be obtained by comparing 
their characteristic figures with the figures of other species. 
The object of the quantitative method is, in general, the exact 
description of the Uving objects. 

The HAECKELIAN method has been, for more than forty 
years, an important instrument of progress. It is, however, 
open to certain criticism. (See § 50.) Among other things, it has 
diverted attention from the quantitative investigation initiated 
by QUETELET, MENDEL and also by DARWIN. There- 
fore the HAECKELIAN method, in spite of its high merits, 
does not enable us to get to the bottom of the biological prob- 
lems. It cannot advance our knowledge beyond a certain 
limit. 

^ Expressed, for instance, in hundredths of a second. 
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PART IV 

THE PRIMORDIA 

§42.— THE ADULT STATE IS A STATE OF EQUI- 
LIBRIUM. — Every living being is at the beginning of its 
development^ in a state of unstable equilibrium. It passes 
througn a series of transformations, brought about by reactions, 
till there is no longer any force (cause) by which a new reaction 
might be produced. In this way the incuvidual is brought into 
a state of stable equilibrium which we call the adult state. 

§ 48.— EACH PRIMORDIUM REPRESENTS A STATE 
OF EQUILIBRIUM. — ^As long as we are using the ordinary 
biological language we may content ourselves with the notion 
that a given individual is adult. This is, however, a complex 
notion. When we want to apply the quantitative method we 
are compelled to decompose me notion aduU individual into 
simple concepts representing measurable things. This is 
possible by considering each primordium (simple property) 
separately. 

In the course of the individual development the primordia 
appear in a certain order. (DARWIN. See § 38, p. 46.) Each 
primordium is the poduct of a reaction * which b^;ins at a 
certain moment ana continues till there is no longer any force 
(cause) by which further continuation might be produced. At 
that moment the material parts which participated in the 
reaction have reached a state of stable equiUbrium : the pri- 
mordium is adutt. 

This brings us to a mechanical definition of the term pri- 
mordium : a primordium is the expression of a state of equi- 
librium, or, in short, a primordium is a state of equilibrium. 

The expression aduU individual may be used in its ordinary, 
vague sense. In reality an individual is never adult, because 
the devdopment of certain of its primordia continues till it has 
ceased to Uve. 

§ 44.— INDIVIDUAL ADAPTATION (ACCOMMODA- 
TION) IS EQUILIBRIUM. (See § 22).— In any reaction (or 

* The begmning of the individaal development is very often preceded by a 
period of rest. 

' Or a series of reactions. 
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All the mentioned groups of primordia are set out in order in 
the following table : — 

Classification of the Primordia [Simple Properties) according 

to their Development * 



Primordia 



origixial 



metamorphic 



? awakening 



rpersistent 
t caducous ( 

{persistent 
caducons (or decidaous) 



jarrested \^aducous (or dedduous) 

(transitory 

farrested 

(transitory 

farrested 



(^transitory 



{persistent 
caducous (or deciduous) 



§ 47.— CLASSIFICATION OF THE PRIMORDIA WITH 
REFERENCE TO THEIR DEVELOPMENT {continued). 
EXAMPLES.— FIRST EXAMPLE : In § i6 I have mentioned 
a subspecies of Primula sinensis the corolla of which is red at 
ordinary temperature and white if the plant is cultivated at a 
temperature of about 30^. In this corolla (limiting ourselves 
to the limb) we observe the primordia length and breadth, which 
are both original, arrested and persistent. During the first 
period of its development the corolla is white ' : it contains 
very probably a chromogen, which is transformed at ordinary 
temperature into a red substance. The intensity of the red 
colour increases gradually till a maximum is reached. The 
property white is original and transitory ; the property red is 
metamorphic arrested and persistent. 

If we look upon the primordia white and red as being two 
terms of one series, we see that three properties white-^ed, length 
and breadth foUow in their development three separate lines 
(the velocity of increase of lenph and breadth is not the same). 
Along each of these lines we value of the corresponding 
property is continually varying, the variation of each property 
being governed by a peci^iar law. At a given moment, for 
instance, after n hours, a certain combination of values is found 
to exist ; after 2n hours a new combination is observed, etc. 
The so-called adidt state corresponds to a certain combination. 
In otiier words, there exists a certain harmony * between the 
three properties with regard to the progress of their develop- 
ment Tne above facts may be tnrought into the form of 

* On accrescent properties, see f 47, second example. 

' It may be that the yoang corcJla contains chlorophyl at a certain moment. 
This is of no importance for the subject under consideration. 

' The term hamnony is used here in the meaning in which it was used by 
LEIBNITZ, the author of MofMMJo^o^ and if armofiia^tfslaM/t^a. LEIBNITZ 
was a mathematician. 
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observed, the colour being affected, the length hardly or not at 
all. See this paragraph, first example, p. 55.) 

FOURTH EXAMPLE : A rose-purplish subspecies of 
Ceniaurea cyanus (one specimen in a rye field, Jime, 1911) ; 
marginal florets. — The property length behaves exactly as in 
the above-mentioned blue subspecies ; it is original, arrested 
and persistent. The development of the colour follows the 
same line as in the blue subspecies during the two first periods, 
the succession being wlute and rose-purplish. But wnen the 
latter colour has reached the value ^ale (which coincides with 
the end of the second period in the olue subspecies) the trans- 
formation into blue does not take place and a mird period is not 
initiated. The second period is protracted, the intensity of the 
rose^rplish colour increasing gradually till tiie value intense 
rose-^rplish is reached. This happens when the flower-head 
is expanded. The primordium rose-purplish is here meta- 
morphic and arrested!^ 

REMARK I. : Hie above example is interesting with regard 
to the significance of the term infantile (juvenile, piBdogenetic). 
We might be tempted to say that the rose-purpli^ subspecies 
is infantile in comparison with the blue. Used in that way, the 
term infantile does not express an exact notion. The rose- 
purplish subspecies is deprived of the blue colour and therefore 
mf antile with regard to the property blue. But in the blue sub- 
species the property rose-purplish is arrested in its development 
when it has reached the value pale ; therefore the blue sub- 
species is infantile with regard to the colour rose-purplish. 

In other words, each subspecies being considered as a whole, 
neither of them is infantile. In both the development of the 
colour follows the same line till the value pale rose-purplish is 
reached. After that the development continues along two 
diverging lines. We see, from this very simple example, that 
the term infantile {juvenile, padogenetic) ought to be used with 
regard to each property separatdy, but is not strictly applic- 
able to a species, a subspecies (or even an individual) considered 
as a whole. 

REMARK II. : In a similar way the terms progressive and 
retrogressive are ambiguous when applied to the phylogenic 
relations of specific forms. It might be said, for instance, that 
the rose-purplish subspecies has been produced by a progres- 
sive mutation of the blue subspecies witn regard to the property 
rose-purplish; but one might say also that the rose-purplish 
subspecies is the result of a retrogression with regard to the 
property blue. The above remarks are not merely linguistic 
subtleties. In complicated cases, when a number of properties 

^ I don't remember whether it is persistent or deddnous. See about 
gradation in Centaurea, 1 133. 
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irr^^ular objects. MENDEL discovered very important 
principles of heredity by the investigation of a few compara- 
tively simple facts. The rules which he laid down are to-day 
a guiding principle among the diversity of the phenomena of 
hybridization. 

There seems to exist, in the mind of many biologists, a pro- 
pensity to study problems which are INSOLUjSLE in the present 
state of science. Our methods are not adequate for these diffir 
cutties. 

In the present state of our knowledge the application of the 
quantitative method to complicated embryological subjects 
would be premature and result very probably in waste of 
labour and disappointment. 
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throw new light upon the innumerable details recorded in 
descriptive literature* 

FIRST EXAMPLE : In the description of AnagaUis UneUa 
we find, among other things: segments of the calyx Pointed 
but short) corolla deeply i-cleft.^ We recognize here four 
measurable primordia : (i) length of the calyx ; (2) id. of its 
segments ; (3) length of the corolla ; (4) id. of its s^;ments. 
The curve of devdopment of each of theseproperties may be 
established by the study of flower buds.* The same primordia 
may be investigated in the same way through the whole family 
of the Primulaceae. 

SECOND EXAMPLE : British species of genus Genista » : 

Genista : seeds several. 

G. tinctoria : leaves sessile, from narrow lanceolate to broadly 
elliptical or nearly ovate. Pod nearly an inch long. 

G. pilosa : leaves shortly obovate or lanceolate, obtuse. 
Pod rather shorter and broader than in G. tinctoria. 

G. anglica : leaves small, lanceolate or ovate. Pods about 
six lines long, broad. 

The characters mentioned have been observed accurately, 
but the descriptions are rather vague. Seven measurable 
properties may be taken into accoimt in each species: (i) 
length of the petiole * ; (2) id. of the blade ; (3) breadth of the 
blade ; (4) distance between the greatest breadth of the blade 
and its summit ; (5) length of the ripe pod ; (6) breadth id. ; 
(7) number of seeds.* 

As long as we confine ourselves to the British flora it seems 
to be superfluous to examine thoroughly the above-mentioned 
primordia, because the three Britidi species are eaaly dis- 
tinguished by their thorns and hairs. But the quantitative 
investigation of the leaves, the pods and the seeds would 
render good service for the description of the numerous species 
(about seventy) of Genista which are found in other coimtries 
and eventually of their subspecies. And, moreover, a descrip- 
tion ought to be something more than a ^ort diagnosis. 

THIRD EXAMPLE : In certain genera of the family of tiie 
Carabida the labrum bears two hairs ; in other genera tihe hairs 
are four in number. In the description of the species of the 
genus Carabus these hairs are not mentioned, probably because 
they are numerous and their number variable in each species of 
this genus. I have counted the hairs imder consideration in 
numerous species of Carabus, taking at least six $ and six $ of 

» HOOKER, British Flora, 1866, p. 306. 

' The turgor being suppressed in one or another way. 

• HOOKER. British Flora, 1866. pp. 108-109. 

^ When the leaves are sessile, the length of the petiole = o. 

' See, on the measurement of variable properties. Fart VI. 
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are given for certain species but not for others. We are in- 
formed that the leaves are very narrow at their base in certain 
species and narrow or broad in others, but for many species 
the property breadth (U the base is not mentioned. Here three 
properties may be measured : (i) length ; (2) greatest breadth ; 
(3) breadth at the base. I have carried out this work for ten 
British species of the genus Mnium,^ replacing the terms long, 
short, large, small, broad, narrow, very narrow, etc., by three 
figures for each species. This subject is rather complicated 
because gradation comes into play here. (See Part VIII.) 

§ 68.-^LASSIFICATION OF THE PRIMORDIA.— In the 
present work a number of primordia have already been men- 
tioned — for instance, the length, the breadth and the number 
of cells of certain oigans ; the dimensions of the cells ; the 
presence or absence of hairs ; the number of hairs on the 
labrum of an insect ; certain colours ; the number of seeds in 
a pod, etc. Between those properties no relations exist ; they 
have been taken at random, as examples. When we consult 
a flora or a fauna in order to find primordia (§ 52) we are pro- 
ceeding at a venture. We behave as if an indefinite number 
of properties (so-called characters) existed in each species ; in 
each peculiar case we pick out and investi^te some of them, 
but the choice we make is arbitrary. Sunilar remarks are 
applicable on the mass of different properties which have been 
investigated by the Mendelian School and by the biometridans. 

We need a method enabling us to compile an inventory of the 
primordia of each species : such a method ou^t to be based 
upon a classification of the primordia. In § 46 1 have attempted 
to classify the simple properties (primorcUa) into nine groups 
according to their development. This clas^cation may 
render service in embryology but is inadequate when we want 
to make up a list of the properties of a species. 

W. BATESON* has divided the phenomena of variation 
into two groups: variations in the processes of division and 
variations in the nature of the substances divided (loc cit. 
chapter ii., p. 31). This classification of the variations is in 
reality equivalent to what I call a classification of the primordia. 
BATESON calls meristic variations the variations in the pro- 
cesses of division and substantive variations the changes in 
actual composition of material. He also uses the terms 

^ See my paper : " Quantitative Deflcription of Ten British Spedes of the 
genus Mnium, Linnaan Society sjcumal — Botany, vol. idiv., November, 
1917. (Communicated l^ Ptof. F. E. WEISS, D.Sc.. F.L.S. Read zst June 
1916.) 58 pa^es, 9 text-ngures. 

* W. BATESON. ProbUms oj Genstics (New Haven. Yale University Pkess. 
London, Humphrey Afillord* Oxford, Untvenity Press). 1913. 
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In this example it is useless to complicate the question by 
numbering the cells ; this becomes necessary in certain more 
complicated cases. 

Since the two kinds of cells (units x + i) have the same origin 
(the egg), they are identical with regard to their hereditary 
possibUities (§ 29). The observed differences 
ought therefore to be ascribed to plasticity — 
that is to say, to causes external with regard 
to each cell. We may look upon the individual 
X as being a society of individuals x + i (cells). 
Each member of the society undergoes the 
influence of two sorts of external causes: 
(i) EXTERNAL causes properly so called, 
such as temperature, light, etc. ; (2) SOCIAL 
causes which emanate from other members of 
the society or from the society taken as a 
whole. In other words, each member (cell) 
lives in a social environment : the differences 
brought about by the influence of this en- 
viroiunent are SCfclAL differences (see below. 
Remark). 

According to this, it is obvious that the 
difference between the intermediate and the 
terminal cells of Spirogyra is a social difference. 
It may be remarked that the longitudinal line 
(axis) of segmentation is also a line of differentia- 
tion. Indeed, following this line from one end to 

another, we observe tJ^ variation produced by pio. 2.— Uniaxial 
differeniiaHon. The line of segmentation and system {Spirogyra 
dSerentiation is already foimd in the egg: '^^^Ji!^'*' 
it is the longitudinal axis. gramma 

The principles, the application of which one finds in 
Spirogyra in a very simple form, govern the distribution of the 
properties in all organisms, from the simplest to the most 
complicated. 

REMARK : The terms social cause, social environment and 
social differenu may render good service in biology. 

A very simple example of social differentiation is found in 
the pseudo-bulb of Phajus grandiflorus. The members (cells) of 
this society (individual x) which are near the surface are green 
because their so-called amylopksts are impr^nated with 
chlorophyll. At a certain distance from the surface the 
amyloplasts are colourless and the cells are white, because they 
are deprived of the influence of light by the presence of the 
external cells, ^ere the combined(simultaneous) action of an 
external cause (light) and a social cause is obvious : the observed 
difference is a social difference. 
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all these properties may be expressed by measurement. In the 
present work the inkrnal properties of the cells are passed over 
in silence ; therefore I content myself with a simple mention. 
(See §§ 60, 72, 73.) 

§68.— FIRST EXAMPLE: SPIROGYRA (continued).— 
The mentioned primordia of an adult Spirogyra (or a sinular 
plant) may be classified with reference to their development in 
the following way (see § 46) : — 

(i) The properties (i), (2) and (5) are original, arrested and 
persistent. 

(2) The property (3) (differentiation) is arrested and perdstent. 
It may be looked upon as being an awakening property ; it does 
not exist as long as the cells are only two in number (both being 
terminal) and it is not produced by a transformaticHi of a 
previously existing property. 

(3) The property (4) (form) is arrested and persistent for all 
the cells. It may be looked upon as being awakening. (I don't 
take into account certain pecniliaiities ot Spirogyra.) 

§69.— FIRST EXAMPLE: SPIROGYRA {continued). 
SENSITIVE PERIOD.— With regard to their sensitive period 
(see § 47, second example), the mentioned properties of a 
Spirogyra (including the ^g) may be classified in the following 
way: — 

(i) The properties length and breadth of the egg (first state of 
each specimen) reach their final equilibrium (see § 45) within a 
cell of the mother plant. Their development and, of course, 
their sensitive period, are arrested when the egg is ripe. Later 
on they are independent from any external cause (temperature, 
light, etc.) whatsoever. 

(2^ A certain time (period of rest) after the sensitive period 
of tne above properties the sensitive period of the property 
number of cells is initiated by the first cell-division. The value 
of this property depends on the number of cell-divisions. If 
we suppose that the divisions follow each other regularly, taking 
place simultaneously in all the cells of a specimen, the property 
number wouldpass tlurough the series of values i, 2, 4, o, 16, 
32 . . . 2*. Tne state of equilibrium (definitive number) may 
be reached sooner or later (in a given species) according to the 
external agencies which may augment or dirninish the niunber 
of divisions. Although we have little information about this 
subject, it may be considered certain that temperature, food 
and light have an influence. If the cell-divisions are arrested 
(for instance, by falling off of temperature) in a given specimen 
when the number 2^" 16 is reached and in a second specimen 
of the same species when the cells are 2^-32 in number, a 
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difference i : 2 will exist between both ; but if we take the 
number of divisions into account, the difference is only 4 : 5 
or 1 : 1-25. There seems, at first sight, to exist a complete 
disproportion between cause and effect.^ When the last cell- 
division has taken place tiie sensitive period of the property 
number of cells is over. (Compare § 66.) 

(3) When the specimen has reached its equilibrium in 
respect of the numoer of cells, the latter have not yet attained 
their full size. This is certainly tiie case with their length, the 
further increase of which may De considerable * and is certainly 
influenced by external causes. The sensitive period of the 

S'operty length of the cells begins really after the last cell- 
vision and is therefore limited to the last part of the period 
of development (growth) of the specimen. 

(4) The property number of axes is (as far as we know) inde- 
pendent from the conditions of existence. 

(5) The properties number of sorts and form of the cells seem 
to be also independent from external influences, except if the 
number of cells did not exceed two, which is thinkable (if so, 
cylindric intermediate cells would not exist). 

We see from the above that the sensitive periods of three 
groups of properties of Spirogyra (length and breadth of the 
egg, number of ceUs, length of the celk) do not coincide. There- 
fore the three groups are independent from each other with 
regard to plasticity. It is, for instance, a priori, possible that 
a smaU egg produces a specimen with numerous short cells, 
that a big egg produces a specimen with few long cells, etc., 
etc. This must be taken into account whenever we wish to 
investigate any form of correlation between the mentioned 
.properties. 

Inese principles are, of course, applicable on any animal or 
v^etable species. (See § 47, p. 56.) 

§eO.— FIRST EXAMPLE: SPIROGYRA {continued). —In 
Spirogyra a longitudinal axis really exists. I have also sup- 
posed the existence of a transverse axis in the egg and in each 
cell, but this axis renudns in reality latent till s^nial reproduc- 
tion takes place. When the moment of reproduction approaches, 
two specimens of Spirogyra place themselves side by side, the 
cells facing each other by pairs. Each cell produces a tubular 
outgrowth which meets the corresponding outgrowth of the 
opposite ceU. The axis of each outgrowth clearly indicates the 
position of the transverse axis of tne cell. Since all the out- 
growths of each spedmen seem to be in the same plane, we may 

^ Compare the law of Weber. 

* I have no inlonnatioii about the fuzther increase of tbe fanadth. 
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conclude that the transverse axes of all the cells are probably 
in one plane.^ 

The conjugating processes have (apart from their position) 
certain simple measurable properties (length, diameter) which 
belong to tiie fifth group (dimensions) in § 57. The existence 
of the sexual outgrowths is a result of a differenUaUon within 
the limits of one cell and ought therefore to be brought into a 
sixth group of properties. (Compare the five groups in § 57.) 
The properties of the outgrowths are awakening, arrested and 
rather caducous or deciduous. Their sensitive period very 
probably b^;ins after that of all the other properties. 

§«1.— THE UNIAXIAL SYSTEM IS A PRIMARY 
SYSTEM. — ^Since the segments (cells) of a Spirogyra follow 
each other according to one axis, I call an aduk specimen of 
this plant a uniaxiM system. This is the simplest system of 
segmentation ; it is observed again and a^[ain in the animal 
and in the v^etable kingdom.' It is a pnmary system from 
which several other systems are derived. 

Since the properties of the living beings are ordered with 
reference to tlieir axes, the determination of the axes is of high 
importance for the exact definition and the measurement of 
eadi property. 

The study of the uniaxial system and its derivatives is con- 
tinued in § 69. In §§ 62-68 I mention four special systems of 
segmentation which have merely indirect relations (if any 
rdation at all) to the uniaxial system and about which I have 
incomplete information. 

§88.— SPECIAL SYSTEMS OF SEGMENTATION. I. 
RADIAL SYSTEM. — ^Under this name several different 

P^tems are confounded. A radial system is observed in 
olyps. The radial system of the Echinodeims has a different 
origin. 

The radial system of the spiral and pseudo-i^dic flowers pro- 
ceeds indirectly from the uniaxial system, and is, on the other 
hand, in relation with the sectorial symmetry which prevails in 
the true cyclic flowers. 
See sJso Pediastrum tetras, § 64, Fig. 3. 

^ The egg e has probaUy, within its mother-odl, a definite position with 
xegard to iO^ tiansverse axis b of the latter. On the other hand, the position 
of the transverse axes M of the ceUs of the roedmen produced by is probably 
already determined in the egg e. It would be interesting to know the rdative 
position of b and bK 

' Examples : The hairs of innumerable plants (here the segments are nni- 
ceUular), the antenna of an insect (here the segments are so-called joints), etc. 
In the simplest case auniazial system includes only two segments ; for instance, 
the teleutospores of Puccinia, we first pair of oells produced by the segmenta- 
tion of the egg in animals and plants, etc 
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^^'^ilar specimen of Euastropsis is more or less comparable 
.; :.:\ial system with two segments. In Pediasirum teiras 
!1s are ordinarily four in number, united into a rect- 
:Mhs (radial system? rectangular biaxial system?). 
lu iilhor species of Pediasirum certain specimens consist of 
(.::^]it cells, one of which is central and the seven others 
iiiai'gLiial. This disposition in (more or less distinct) concentric 
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Fig. 3. — I. Euastropsis. 2. Pediasirum tetras, 3. Pediasirum 
consisting of sixteen odls. (Schematic, after WEST) 

rings is also observed when the cells are more numerous. 
According to NAEGELI,* the following dispositions are the 
conmionest : — 

Specimen of 8 cells 1+7 

„ 16 „ I + 5 + 10 (Fig. 3, 3) 
,,32 » 1+5 + 10 + 16 

Although these regular arrangements are not always observed, 
it is incontestable that a remarkable plan of structure exists in 
these algae. This calls for reflection. 

§66.— SPECIAL SYSTEMS OF SEGMENTATION. III. 
PEDIASTRUM AND EUASTROPSIS (continued). FRUIT 
OF MYXOMYCETES AND GASTEROMYCETES. POLYP- 
IFORM ANIMALS AND OTHER EXAMPLES. MORPHO- 
LOGICAL HOMOLOGY AND MECHANICAL CONCORD- 
ANCE. — ^The classical morphology is based upon embryological 
investigation. We try to explain the structure of a given adult 
organism by the knowledge of its development. Starting from 
the initial cell and proceeding step by step, we look upon each 
state of development as being produced by a transformation of 

^ Quoted after G. S. WEST, loc. cU., p. 209. 
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§88.— SPECIAL SYSTEMS OF SEGMi-- 
tinued). 11. THE TETRAHEDRAL SYSi 
known system of s^;mentation is observed in 
number of Pbanerogams {Erica, Rkoiodenanr 
spores of many Crs^ptogams {SelagineUa, Saii 
etc. This system is a primary system from w 
plicated systems are derived. Interesting e:^. 
complications are observed in the pollen of iW^- 
Orchids. " 

§ 64.— SPECIAL SYSTEMS OF SEGMF 
tinued). HI. PEDIASTRUM. EUASTROP- 
algae we find several peculiar dispositions of th 
of which are remarkable by their singularity ar: . 

A specimen {ccenobium, individiud x) of ^' 
sists of a certain number of cells (individuals 
imited into a regular discus. The constituent, 
discus are produced by successive divisions oi 
the cells of a Spirogyra; but in Pediasirum " 
remain attached to each other after each divisi- 
ate and become for a certain time indeper. 
within a vesicle which proceeds from the mr- 
given moment the hitherto isolated cells are '■ 
position ; they become adherent and constit 
society called ccenobium (specimen, individual .r- 

This discus is, in the full sense of the word, : 
which find themselves in a state of equilibriuT. 
here (as in Spirogyra) 2l differentiation into two 
the marginal cells are of different form from thr- 
and they are furnished with a pair of diver; 
This difierentiation is brought about by social c. 
all the cells are alike (without processes) as loi 
independent. The number of cells is 4, 8, 16, 
typical Spirogyra, 

In the genus Etuistropsis (allied to Pediastruni) 
ment proceeds on the whole as in Pediasirum, but 
X (ccenobium) consists of two cells. 

Our information about the relative dispositio. 
in Pediasirum and Euastropsis is somewhat ir 

1 See the classic illustrated works oa fresh-water alee ; for 
WEST, A Treatise on the British Fresh-water Alga (Cambr 
Press, 1904). 

■ Ibid.f p. 209. 

* These processes are an example of differeiitiation within i* 
cell. (Compare the sexual outgrowths in Spirogyra, § 60.) 
certain mosses (marginal cells of the leaves of Tortula rmatij 
with processes which recall those of the marginal cells of Pea 
pare also several Desmids. 
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state of equilibrium of such a kind as to suppress any cause 
which might bring about a new division.^ In a specimen a 
consisting of 2* = i6 cells, the same state has been reached after 
the fourth division. Therefore it may be said that a is younger 
than b in respect of the property imder consideration. (This 
remark is also applicable on Spirogyra, § 59.) 

As soon as the cells are connected with one another the sensi- 
tive period of the property number is over. Since the cells have 
not yet reached their definitive dimensions, the sensitive period 
of the primordium dimensions (size) begins about that moment. 
The sensitive periods of number and size being independent, 
both properties are also independent with regard to their 
plastiaty. (Compare Spirogyra, § 59.) An adult specimen with 
small ceils is younger than a specimen with large cells in respect 
of the property size, whatever may be the number of cells. A 
given difierence between two adult specimens which belong to 
the same species depends on plastiaty ; the same difierence 
between two specimens which belong to distinct species de- 
pends on a difierence in their living mixture if the conditions 
of existence have been the same through the whole duration 
of their development. 

§ 07.— VARIATION STEPS IN PEDIASTRUM.— See on 
VARIATION STEPS, Part VII. 

§68.— SPECIAL SYSTEMS OF SEGMENTATION (con- 
tinued). IV. VOLVOX, HYDRODICTYON.— In these Algof 
the cells are united into a very characteristic system of equi- 
librium (society),* which is, as far as I know, distinctly difierent 
from any other system in the animal and vegetable kingdoms. 

As in Pediastrum, the initial cell imdergoes a certain number 
of successive divisions, the produced cells separating after each 
division. When the definitive number is reached, all the hitherto 
independent ceUs unite at once into a coenobium, which is an 
elegant hollow sphere or utricle. There is thus no morpho- 
logical relation between the relative position of the s^ments 
(cells) in an adult specimen and the preceding states of develop- 
ment. (Compare Pediastrum, § 64, and the Myxomycetes, § 65.) 

§ 69 (continued from § 61, p. 77).— SYSTEMS OF SEG- 
MENTATION DERIVED FROM THE UNIAXIAL SYSTEM. 
RAMIFICATION AND CLEAVAGE.— We have seen, in § 61, 
that the uniaxial system is a primary system, from which 
several other systems are derired. 

^The equilibrium alluded to is, of course, distinct from the equilibrium 
which exists between the cells when they have met one another. 
« See G. S. WEST, loc, cU., pp. 195, 207. 
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cell : therefore the possible reactions (hereditary possibilities, 
latent properties) are the same in each and all. The observ- 
able properties of a specimen x (mentioned in our books) depend 
on the possibilities erf its cells, but all these properties are not 
observable in each cell : they are distributed among the ceUs 
according to certain laws. In a given cell, certain reactions 
have produced certain primordia (or a certain value of a given 
primordium) ; in another cell other primordia (or another 
value) have become observable because oifierent reactions have 
taken place. (Compare § 55. Remark, p. 74.) 

The differences between the unicellular individuals (cells) and 
between the pluricellular individuals A and B depend on social 
causes (§ 55. Remark, p. 73) and are governed by social laws. 
Therefore, when we want to compare several specimens x 
(societies of individuals. Fig. 4) by measuring a primordium 
p in each and all, we must give an exact definition of the 
segments (branches, cells and, in general, individuals) in which 
p is measured. 

Ii^ § 54 (Remark, p. 71) I have adopted a series of biological 
units (individuals) x, x + i, x + 2 . . . subordinated to each 
other according to the principle of segmentaUon, x + 2 being pro- 
duced by segmentation of x + 1, and ;c+ 1 by segmentation of x. 
Here I adopt a second series of units. A, B,C, . . . based Ufwn 
the principle of ramification, C being produced by ramificauon 
of B, and B by ramification of A, etc. (In PseudochaU A and 
B exist.) 

In Pseudochate gracilis both series of units ought to be dis- 
tinguished : B (or xB) is any individual (branch) produced by 
a ramification of an individual A (or xA). Any pimordium 
ot zn xB (for instance, its length, measured along its axis) is 
comparable with the same primordium in any other xB what- 
ever. J3 + 1 (or xB + 1) is a unit (in our example a cell of an 
erect branch) produced by segmentation of a unit B, which is 
itself a branch of a unit A. A primordiimi of a unit £ + i is 
comparable with the same property in any other unit fi + 1. 
(See § 72, p. 87.) 

It may be expected that a further development of the 
quantitative method will render the adoption of a notation in- 
dispensable. I have used, in § 54 ana in this paragraph, a 
notation in order to express the notion of series of subordinated 
units in a GENERAL FORM, which renders application 

Eossible in any case whatever. In the present state of things, 
owever, it is possible to use terms. Example : I call a certain 
individual thefirsi B + i (numbering the cells or individuals B + i 
along the axis B from its proximal to its distal extremity). 
The same individual may be called the basal cell of an erect 
branch. 
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§ 71.— RAMIFICATION OF THE UNIAXIAL SYSTEM. 
FIRST EXAMPLE: PSEUDOCILETE GRACILIS (con- 
tinued). GRADATION. HAIRS. IMPORTANCE OF THE 
AXES. — ^The five groups of primordia which I have distin- 
guished in an adult Spirogyra (§§ 57 and 60) are found in 
Pseudochate gracilis. Here they are, of course, to be measured 
separately in the creeping stems (units ^4) and in the erect 
branches B. In this way, it is possible to bring the description 
of a given specimen x into the form of about a dozen of notions 
(primordia) expressed by measurement. 

In the erect branches B we observe a very simple examjAe 
of gradoHon. Each of these branches has the form of a cone 
which is very narrow in proportion to its height (length). The 
constituent cells are (as in Spirogyra) of two sorts (differentia- 
tion) : the terminal cell is conical ; each of the other cells has 
the form of a truncated cone. The diameter of the cells 
(expressed, for instance, by the diameter y of their proximal 
base c) decreases regularly from the base (proximal extremity) 
to the summit (distal extremity) of the conic branch. 

I call GRADATION the variation of a given primordium 
along a given axis. (See § 38 and Part VIII.) Here the varying 
property is the diameter y. In a given cell, the value y^ of the 
diameter measured at its base c depends on the distance x^ 
between c and the origin (base) of the axis (branch). In other 
words, in general, y is a function of x. In the given example the 
relation between y and x is very simple (the gradation curve 
being a straight line, oblique in respect of the axis). 

The axis of an erect braiich of PseudochaU gracilis is: (i) an 
axis of segmentation (§ 54) ; (2) an axis of diiSerentiation 
(§ 55) ' (3) ^T^ ^^ of gradation. This is apphcable in g^ieral 
on any axis whatever.* 

The great importance of the axes is brought into prominence 
by the fact that an axis is always a line of segmentation, difier- 
entiation and gradation. All the segments (individuals, units) 
0/ a living being are arranged according to the direction of its axes 
and all its properties are arranged with reference to these axes. 
Each property ought to be measured in the direction of an axis, 
or in a direction which is definite with regard to an axis. 

In an erect branch of Ps. gracilis we may measure the degree 
of gradation ; this may be roughly expressed by the ratio 
between the diameter of the base of the basal cell and the length 
of the branch. This ratio, being a quotient obtained by divid- 
ing a primordium with a second one, is a compound property. 

* Intin ogg of Spirogyra, for instance (§ 54), fhe lon^tudinal axis is the axis 
of m»|{mt*ntiiUon and differentiatioa of the adult speamen. Since the trans- 
^Ptm (lltimeter of the egg is variable along the mentioned axis, the latter is 
idto an axis of gradatioii. 
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In many plants we find hairs consisting of one row of cells, 
which are similar to an erect branch of Ps. gracilis, the terminal 
cell being different from the others in one or 
another way. In such a hair the same 
primordia as in an individual B of Ps. 
gracilis are found. The mechanical concord- 
ance between both objects is obvious. (Compare 
Fig. 5 with the erect branches in Fig. 4.) 

§ 72.— RAMIFICATION OF THE UNI- 
AXIAL SYSTEM. FIRST EXAMPLE: 
PSEUDOCHiETE GRACILIS {continued). 
CLASSIFICATION OF THE PRIMORDIA.— 
The primordia of Pseudochate gracilis ^ may be 
classified according to the following scheme 
(compare §§ 57, 60) : — 

(i) Stem and branches (axes) : two sorts (^4 
and 5). 

(2) Number of each sort. 

(3) Relative position of the axes A and B. 
This is a phyllotaxic property. 

(4) Number of axes of segmentation in stem 
and branches (one axis in A and in B). 

(5) Number of segments (cells) in A and B. 

(6) Form of the s^ments (ceUs) in A and B 
(cone, truncated cone, etc.) . 

(7) Dimensions of the segments (cells) in A 
and B. 

(8) Total length of the stem A and the 
branches B. 

(9) Gradation (branches B) : a, with refer- 
ence to the breadth (conical form) ; P, with 
reference to the variation of the length of the 
successive cdls. (In the creeping stems A 
gradation is, I think, imperceptible.) 

(10) Degree of gradation in the branches 
B (compoimd property) . 

Since several branches B occur, we may 
content omrselves with measuring the properties 

5, 6, 7, 8, 9 and 10 only in the longest branch. 

With regard to 7 (dimensions of the cells in F1G.5.— Ahaircon- 
the branches B) we may limit ourselves to the sisting of four 
basal and the terminal cell of the longest erect 
branch. 

The above scheme is applicable to any object 
similar to Ps. gracilis in its structural plan. 

^ Hie contents of the cells being excluded. 




cells. (Petiole of 
Erodium moscha- 
turn) 

Most of the 



88 THE QUANnTATIVE METHOD IN BIOLOGY 

mentioiied p r op er ti es are variable within the limits of a given 
species: the metiiod of measuring variable properties is ex- 
pounded in P^urt VI. 

1 78._RAMIFICATIOX OF THE UNIAXIAL SYSTEM. 
COMPLICATED CASES.— In Pseudochaie gracUis the ramifica- 
tion of the uniaxial system is very simple : tl^ whole plant x con- 
sists of one uniaxial individual (creeping stem) A of tiie first 
order or gentraiiom and several individuals (erect branches) B of 
the sec(mi order or geturation. 

The system of ramification of innumerable plants, belonging 
to various s>'stematic groups, is based upon the same prindides 
as that of P$, graciiis. 

EXAMPLE : A >*oung tree (for instance, Fagus or Quercus) 
X consists the first ^^ear of a simple stem A (uniaxial individual 
of the first order or generation) divided into several segments or 
iniemodes ^ vibkh are segments or individuals ^1 + 1. The 
stem .-1 produces by ramification uniaxial individuals (branches) 
B of the second generation, divided in their turn into intemodes 
fi + 1. When this state is reached the young tree x is compar- 
able to a Ps. gracilis (each intemode taken as a whole b^ng 
comparable to a cell). 

The branches B may produce in their turn individuals 
(branches) C, and so on. Along each branch (axis) the branches 
of the next generation and the intemodes may be numbered 
from the base to the simunit. Whatever may be the number 
of generations, branches and intemodes, each individual (stem, 
branch, intemode) has a definite place in the society of sub- 
ordinate individuals which is called a tree. 

The differences between the individuals (stems, branches, inter- 
nodes) which are associated in a given tree ^ depend on their 
position — that is to say, on social causes. I leave out of account 
the differences brought about by external causes — ^f or instance, 
temperature, rainfafi, light, shade, etc., which influence the 
primordia of each s^ment during their sensitive period. 

(See, on this subject, §§ 59 and 66.) 

In any ramified plant we find a large number of simple 
properties, which may be distinguished and classified according 
to tne sdieme in § 72. 

The ramification of a imiaxial system does not only produce 
brandies properly so called, but cauloms and phylloms of various 
kinds (leaves, phyllodes, cladodes, scales, glumes, sepals, petals, 

^ An exact definitioa of the limit between two intemodes is a rather sabtle 
morphological question. With regard to the application of the quantitative 
method, the nsiuJ empiric and somewhat conventional definition of this limit 
may be adopted. 

■ In other words, the individual vaHatian within the limits of one spedmea 
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etc.). All these individuals/ whatever may be their nature, 
have a definite position. Each of them may be regarded as a 
uniaxial system m which several primordia may be discerned. 
Moreover, the leaves, petals, stamens, etc., may be ramified in 
their turn (leaves of TrifoUum, petals of Reseda, stamens of 
Fumaria, etc.). In all the s^^ments produced in this way 
primordia may be discerned according to the scheme in § 72. 
similar principles are applicable on the trichomes (hairs, glands, 
etc.). (See §§ 57, 60.) 

Certain primordia are not mentioned in § 72. Some of them 
are important, for instance : 

(i) Certain segments (individuals) may be united. In a 
gamopetalous corolla (or gamosepalous calyx) the parts are 
imited into a cup, tube or ring. The stipules are detached 
from the leaf or adhering to the leafstalk or united into a ring 
or sheath round the stem, etc. 

All such properties * are znentioned or described in the floras : they are 
almost ^Xvfa,ys easily measurable. Examples : In a gamophylloos corolla 
or calyx we may measure the length of the tube, the length and the breadth 
of the free portions (s^ments, lobes, teeth). In a lesu of a rose, we may 
measure the total length of the stipules and the length cd their free portion. 

(2) The colours : each colour is measurable by means of a 
scale of colours or by a chemical or spectroscopical analysis. 

§ 74.— RAMIFICATION OF THE UNIAXIAL SYSTEM. 
COMPLICATED CASES (cotOinued) ,— The different sorts of 
units (cauloms, phylloms and trichoms) which constitute a 
ranufi^ system, their relative position and the forms of rami- 
fication are described in the classic literature on morphology 
and phyllotaxis (including the floral diagrams). 

Let us now compare two specimens, a and b, with regard to 
a given property ; for instance, the length of the leaves. This 
property is almost always very variable within the limits of each 
specimen ; the differences depend for a part on social causes 
(place of the leaves).' For a comparison between a and b the 
social differences ought to be eliminated. When a leaf a has 
been measured in a we want to find and to measure in 6 a leaf P 

I The differences between the individuals alluded to are comparable to the 
differences between different sorts of specialized individuals observed in certain 
pcdypoid animals. 

'Whatever may be their morphological significance. 

' All the leaves of a specimen (for instance, a tree) are individuals of a certain 
sort which belong to one society (just as certain specialized individuals in 
certain polypoid animals). The variation of each of their primordia (for 
instance, tlieir len^h) is in part a consequence of plasticity (external causes); 
lor another very miportant part a consequence of social causes (gradation, 
P^ VIII.). 
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method expounded in § 74 ought to be followed. Leaves between 
which social equivalence exists ought to be taken in successive 
states ; and, moreover, the method of the curves of develop- 
ment ought to be applied. (See § 49.) We may investigate in a 
similar way the embryology of the intemodes, the scales, the 
trichoms, etc. 

We might be tempted to say, for instance, that the terminal 
shoot of the main stem produced in the course of the fourth 
year represents a further state of development of a tree than 
the terminal shoot produced in the course of the third year. 
This would be, in reality, inexact. The successive yearly seg- 
ments do not coincide with successive stages of development. 
These s^ments (shoots) are individuals of a certain order 
(i4 + 1 ; see § 74), which are produced successively by means of 
buds ; we may call them bud-generations. The successive bud- 
generations are superposed, as if they were grafted on each 
other; this results in social relations. Therefore the differ- 
ences between the successive yearly (terminal) shoots of a main 
stem * are not embryological but social differences. (See 
gradation. Part VIII.) 

Cuttings'. We may take, for instance, the terminal shoot 
of a main stem as a cutting and cultivate it separately ; the 
social relations with the main stem being suppressed, the next 
bud-generation produced by the cutting is more or less different 
from the bud-generation which would have been produced if the 
previous relations had been preserved.* In certain cases the 
produced modification is very distinct. 

Grafts : In a similar way a terminal (or any other) shoot 
i4 + 1 of a specimen x may be grafted upon another specimen 
x^ ; new social relations are brought about and in the next bud- 

5eneration produced by ^4 + 1 the properties may be modified, 
f the materia is strictly monotypic — ^in other words, if there is 
no specific difference between flie specimens x and x^ — the 
observed modifications are a consequence of the social changes. 
But if X and x^ belong to different species ' the observed changes 
depend not only on social causes, but also on a specific innu- 

1 Such differences always exist. In many species they are vezy apparent ; 
for instance, with reference to the properties of the leaves {Cecropia, Marus 
nigra, Symphoricarptts facemosa, many Leguminosa with compound leaves, 
etc.). 

' Suppose the cutting is the terminal shoot of a main stem developed in the 
couise of the tenth year. It may happen that the next shoot (produced by 
the catting) has leaves similar to those product by the tree in its first, second 
or third yesir. Starting from the erroneous idea that the tenth year represents 
a farther state of devdopment than the first, second or third years, and from 
the principle that the successive yearly shoots coincide with successive states 
of the |>hylogenetic evolution, we are tempte<^ to say that the cutting shows 
a reversion to an ancestral state. We are deceived, I think, by an iUusoiy 
appearance. 

' £3cample : Pyrus cydonia grafted upon Craiagus monogyna. 
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periphery of the crown (sunshine) ought to be distinguished from 
s^ments developed in the central parts of the crovm (shade). 
Adventitious branches proceeding from the main trunk or 
from its base ought to be excluded (or to be investigated 
separately). 

This subject is exceedingly complicated. Since the c[uan- 
titative method is still incompletely established, it is advisable 
to limit ourselves, for the quantitative specific description of 
the properties of the vegeUUive parts, to the study of young trees 
and shnibs raised from seed (p. 90). 

We may have recourse, however, to the quantitative in- 
vestigation of the feriile parts ; for 
instance, inflorescences, bracts, flowers, 
fruits, se»is. These parts, indeed, are 
brou^t into existence imder certain 
defimte social conditions in each species 
and are therefore comparable, at least 
ap|»oximately. In these parts we find 
a number of primcrdia large enough to 
render possible, in a sati^actory way, 
a quantitative description of all the 
species. 




(Schematic, after WEST. 
Fig- 36.) (i) young speci- 
men (uniaxial system), (a) 
Older specimen (rectangular 
biaxial S3rstem) 



§ 77.— RECTANGULAR BIAXIAL 
SYSTEM, PRODUCED BY SECOND- 
ARY SEGMENTATION OR CLEAV- 
AGE OF THE UNIAXIAL SYSTEM ^ 2 

(am«W/rom§69 p 84).-A^ ^^ 6.-iVasiato paH^ma. 

^)ecimen (mdividual x) of Sptrogyra is 
mvided by s^;mentation into a number 
of s^ments or individuals (cells) a; + 1, 
which follow each other in the direction 
daneaxis. I call tiiis axis the principal 
or priinary axis, or axis North-Soidh {NS). If each segment 
(cell) is divided in its tmn into two segments in the direction 
of a secondary axis Eas^West (EW) perpendicular on NS, a 
new system, rep-esented in Fig. 6, 2, is obtained. This is a 
rectangular biaxial system. I call segmentaiion or principal 
segmentalian (primary segmentation, segmentation NS) the division 
in the direction of the primary axis NS and secondary segmental 
Hon or cleavage (segmentation EW) the division according to the 
secondary axis EW. 

If the segmentation NS has been limited to the production 
of two s^ments (cdls), and if each of the latter has produced 
only two segments by cleavage EW,3, system of four segments 

yeais begin to produce long shoots at a certain moment (for instance, in Sofbus 
aucmpana). 
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is obtained. This is often (not always) observed in Pleurth 
coccus vulgaris (Fig. y).^ In the s^pments of a rectangiilar 
system (for instance. Fig. 7, 5) a number of successive divisions 
may take place. If divisions NS and EW occur in all the 

segments (cells), the 
segmentations NS 
and EW alternating 
r^;ularly, a rect- 
angidar system is 
obtained, in wfaidi 
all the s^;ments are 
r^[ularly placed in 
rows NS and rows 
EW, as the squares of 
a chess-board. I call 
this a chess - board 
system. 

Regular or almost 
regular examples of 
the chess - board 
system are found in 
certain Algae (for in- 
stance, certain Viva- 






FlG. 7. — Pleufococcus vulgaris. (Schematic.) 
(1-5) Successive states. (6) Irregular ^edmen 



cea), in the leaves of certain mosses (disposition of the cells), in 
the disposition of the scales on the wings of numerous butterflies, 
in the elytrae of a nimiber of Coleoptera, in many shells, etc. 

Examples of the chess-board system, more or less altered, are 
innimierable. The knowledge of 
this system is important for the 
investigation of the primordia of 
plants. It is of the highest im- 
portance in the animal langdom. 

§ 78.— PRIMORDIA IN A 
RECTANGULAR BIAXIAL 
SYSTEM (CHESS-BOARD 
SYSTEM).— In a regular chess- 
board system four primordia may 
be distinguished : (i) the numbo: 

of s^[ments in the longitudinal ^ ...__,i^_^___.___, 

direction NS; (2) the number of fig. 8.- Fart of a regular chess- 

S^[mentS m the transversal direc- board system. (Schematic) 

tion EW; (3) the dimension of 

the s^ments m the direction NS (length) ; (4) the dimension of 

« 

^ The 83^stem remesented in Fig. 7, 5; is^ of coarse^ quite different by its origin 
from the quadrio^ular ccenobium re p resented in Fig. 3; p. 79. Between both 
mechanical concordance probably exists. 
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the segments in the direction EW (breadth). These very simple 
notions are applicable, for instance, on the quantitative investi- 
gation of the scales on the wings of the butterflies, taking 
socially equivalent segments in the wings of all the spieces of 
a genus or a family. 

§79.— ALTERATIONS OF THE CHESS-BOARD SYSTEM. 
— ^The typical chess-board system (Fig. 8) may be modified along 
several lines. This results in numerous deviations and com- 
plications, many of which have been described as isolated facts, 
or regarded as adaptations or mere curiosities.^ Nil tibese 
modifications, however various and complicated they may be, 
ou^t to be looked upon as states of equilibrium. Adopting 
this view, we may regard them all from one standpoint — ^in a 
similar way, as the mineralogists have brought together into a 
whole the various deviations and compUcations of innumerable 
crystals. 

In order that we might be able to analyse the primordia of a 
given chess-board system, we want, above all, to laiow the direc- 
tion of the axes. This is almost always easily found : we may 
take as axis NS the lon^tudinal axis of the object under con- 
sideration. Sometimes it is more convenient to take an anti- 
clinal (radial) or a periclinal (tangential) direction as axis NS. 
In certain cases, the choice of tne primary axis is arbitrary 
for instance, in Pleurococcus (Fig. 7, 5), in which it is impossible 
to discover any difference between the axes NS and EW. 

I want to recall that any axis whatever is a line of equilib- 
rium, segmentation (or cleavage), differentiation and gradation : 
therefore the axes are the lines of orientation (ordonnance) of 
all the primordia of a biaxial sjrstem. 

In general, the primordia of a chess-board system may be 
classified according to the scheme in § 72 (supplement in § 73, 
p. 89). (See also §§ 57, 60.) 

Taking the above principles into account and starting from 
the regular ches&-board system (Fig. 8, p. 94), the alterations of 
this system may be classified in the following way * : — 

I. A chess-board system (s^ment, unit or individual x) may 
be divided into groups of ce& which are individuals or units 
x+i intermediate between the whole system x and its simple 
components or cells x + 2. In a similar way the pluricellulaT 
units x+ 1 may be divided into pluricellular units x+ 2, the cells 
being x + 3, etc. (See § 80.) 

^ Nameroas examples are f oand in the specific descriptions of shells, iosects; 
fishes, reptiles, etc. 

* The following classification is probably incomplete : it ought to be regarded 
as being a first attempt to set in order a number of facts which have been 
hitherto overlooked or described in a fragmentary way. 
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II, In a chess-boaid system x gradation may be observed in 
one of the directions NS or EW, or in both directioiis at Ae 
same time (§ 8z.) 

III. Id a stnular way gradation may be 
observed in the intennediate nmts (b«- 
ments) i+i, a:+2, . . . alluded to. (Sab.I.) 

IV. In a chess-board system difierentia- 
tion may occmr. (§ 83.) 

V. In a similar way difier^ttiatian may 
be observed wi^in tl^ limits <^ the into^ 
mediate units «+ i, x+z, etc. 

VI. In a chess-board ^stem one axis oc 
both axes may be curved Lines. (In reality, 
a curved axis consists of a successicKi of voy 
short, straight axes.) (§ 84.) 

VII. A chess-board system may beccme 
iiregxilar, its constituent s^;ments being •» 
disorder. (§ 85.) 

VIII. A rectajigulaT diess-board system 
may be altered by the existence of obHqae 
axes (false axes?) in the plane NS-&V. 
(§86.) 

§80.— ALTERATIONS OF THE 
CHESS-BOARD SYSTEM {conUtmeii. 
INTERMEDIATE UNITS.— The epidemns 
of the interior surface of a scale of an onion 
bulb (Allium cepa) consists of one layer of 
ceUs, which are united into a chess-boaid 
S3retem X. We observe a segmentation into 
a number of segments x+ i following each 
other in the direction EW (transverse direc- 
tion). Each segment x+T. (longitudinal 
row) is segmented in its turn into unicellular 
segments x+2 according to the direction 
NS. The longitudinal rows « + i are indi- 
viduals intennediate between the epidermis 
con»dered as a whole and the cells. In 
eadi longitudinal row the limiis betweoi 
the cells are independent by their position 
E^d^fa « of'lto o* those in the adjacent rows— in other 
ioterior MrfoM of k woids, each row has its own independent 
Kale of B bulb. Fonr seimientation. The cells are almost always 
;S|re^+.,"">"ager than broad 

In this example the properties are dis- 
tributed in a difierent way according to both axes. This 
difference is, moreover, ex^vessed by the fact that the resist- 
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ance to traction of the epidermis is greater in the direction 
NS than in the direction EW. 

It may happen that the division into intermediate segments 
occurs in the direction of both axes ; this is observed in certain 
Algae ; for instance. Ilea. (See N. WILLE in ENGLER und 
PRANTL.) Here the segments x+i consist of four cells each, 
and follow each other in both directions in the same way, being 
united into a regular checker-work.* 

A more complicated segmentation isfound in the genus 
Prasiola. (See N. WILLE in ENGLER und PRANTL.) Here 
a specimen x is segmented into units x+i, which follow one 
another according to both axes, NS and EW. Each unit 
x-hi consists of four units, x-\-2. 
Each unit x-^2 consists of four 
imits (cells), x+3 (Fig. 11). 

In the three above examples 
(onion. Ilea and Prasiola) tihe 
individuals intermediate between 
X and the cells are very small and 
consist of a few cells. Very often 
the segments are larger, the laws 
of segmentation being the same. 

The (epidermal) sodes of the 
lizards and other (not aU) reptiles 
are s^;ments (individuals, imits) 
of a certain order produced by a 
s^mentation of ihe epidermis. 
In the tail of a lizard, for instance, the epidermis x is divided 
into transversal (annidar) segments x+i, which follow each , 
other in the (longitudinal) direction NS.^ Each segment x+i 
is divided in its turn into multicellular units, x+2 (scales), 
which follow each other according to an axis EW. {This dis- 
position is in a certain sense inverse of that observed in the 
onion, in which the segments x+i are longitudinal) 

In the elytra of the Coleoptera we find innumerable examples 
of chess-board systems, altered in the most various ways, whidi 
all consist of multicellular units. One of the finest examples is 
observed in Calosotna sycophanta (and other species of the same 

1 A similar segmentatioii is observed in certain forms of Pleurococcus vulgaris, 
hut here the society of cells has an ephemeral existence : the cells isolate 
themselves after a certain time. 

'The segmentation of the epidermis of the tail of a lizard into annnlar 
segnients x + i is independent of the segmentation of the interior parts* 
which finds its expression in the vertebral column (vertebrae), the muscular 
system, etc. The conception that the body of a vertebrate animal is di^dded 
into segments is chiefly based upon the skeleton. In reality, two or even 
several (more or less concentric) mdependently segmented S3rstems exist. In 
a similar way, two or more independent systems exist in the body of the 
Articulates, the Annelids, etc. (See Triaxiai System, § 88.) 




Fig. 10.— Ilea. (Schematic) 
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§82.— ALTERATIONS OF THE CHESS-BOARD SYSTEM 
(continued from § 80). GRADATION IN A CHESS-BOARD 
SYSTEM ;t OR IN THE SYSTEMS %+ 1, x + 2, ETC.— In the 
examples mentioned in §§ 80-81, gradation (Part VIII.) has been 
purposely overlooked. In reality, however, it is very difficoU 
to find a chess-board system in which gradation does not exist. 
Here I content myself with a schematic example. 

I start from the regular system x represented in Fig. 13, i. 
I suppose (Fig. 13, 2) : (i) that x is mvided in the direction 
EW into two segments, x-^i, the limit sy-sy being a plan of 
symmetry ; (2) that each s^ment x + 1 is mvided into three 
longitudinal sclents x + 2 (a, b, c; c, b, a) ; (3) that each 
longitudinal s^ment x+2 is divided into a series of segments 

x-\-s following one 
another in the direction 
NS; (4) that each seg- 
ment x + ^ is adomra 
with a central spot. 

Taking each prim- 
ordium separately, I 
suppose (5) that the 
breadth of the s^ments 
x + 2 (a, b, c; c, b, a) 
decreases regularly in 
both directions (east- 
ward and westward) 
from the plan of sym- 
metry to the lateral 
borders; (6) that in 
each longitudinal s^ 
ment x-\- 2 the length of 
the segments ^ + 3 de- 
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Fig. 13, 1. System x 



creases from the base to the summit, the decrease being less 
rapid in c, c than in b, b, and in b, b less rapid than in a, a ; 
(7) that the gradation of the breadth of the spots is governed 
by the same law as the gradation of the segments in the direction 
EW; (8) that the gradation of the length of the spots (dimen- 
sion N^ is governed by the same law as the gradation of 
the length of the segments (of each longitudinal row) in the 
direction NS (the spots disappear at the extremity N of the 
segments a, a, because their length becomes o) . 

In this way we obtain the system represented in Fig. 13, 2. 
This example gives us an idea of the endless variety of the 
derivatives of Qie biaxial system produced by gradation. (In 
the direction of each axis segregation may be observed. See 
.§ 38, p. 45.) However complicated the derivatives may be, 
it is possible to analyse them by measuring each primordiiun 
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separately in the direction of both axes. By the application 
of this method to the description of shells and insects, of the 
epidermis of plants, etc., an exact quantitative description of 
the species wUl be rendered possible. It may be anticipated, 
moreover, that inter- X-*/ Sy 2C+/ 

esting similarities and * " »i— ' • 

mech£inical laws will 
be discovered. 

§88. — ALTERA- 
TIONS OF THE 
CHESS-BOARD SYS- 
TEM (continued). 
DIFFERENTIA- 
TION. — Dillerentia- 
tion may be brotight 
about by various causes 
and occurs in all pos- 
sible d^ees. 

When a segmait of 
any system (uniaxial 
or biaxial) is diflerent 
from the other seg- 
ments by one or several 
properties, we call it 
differentiated.^ 

For instance, in the 
epidermis (chess-board 
system) of numerous 
luants and insects cer- 
tain cells are different 
frora the others because 
they are transfonned 
into hairs or glands, or 
because they contain a 
colouring substance or 
a cystolith. It seems often as if the position of such a 
differentiated unicellular segment (idioblast) was acddental 

In many cases, however, a differentiation may be r^arded 
as a result of a gradation of a peculiar kind, and it may even be 
surmised that tisis is a general rule. nk^'^ 

In a typical example of gradation the variation' of a properly 
P along an axis is gradual, without any sudden jump. I caQ 

' Scsmentatum and diffeieiitiation, which aie quite distinct notions, are 
Bometinies coofounded under the term differentiation. 

Instead of saying, for instance, that an antenna of a certain insect is dtff*f- 
tuiiattd into twelve joints, we ought to aay . . . upttenttd . . . or . . . 



Fio. 13, 2. — ty-sy, plane of symmetry 
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thb c»ttiinm9m$ grtUmUcm. Is tiie cxKDcad Itair repnesented is 
Fig. 5 fp. (^), for iDStasKX; tiae g udar ii Bi of the pnnmdnmi 
ftfAuM 4^ Oir c<f/s b ooDtiizDacs a3o^ 

Wbeo* CD the oootmy, a sadden dnoee is obscrmd m die 
value of ^ at a cseftam'lcrel of tbe asis, ga a iUi M wi is disam- 
Untumt and prodooes diSoesitiatiflEL 

EXAMPLE : An antj^tma of C^rm&its is (vidi rqgud to tibe 
exofkdeton (^coticala)) a nrnaxial system dmded ioto dcfvcn 
segmeots (articles).* The mdatiooof tfac prinndixim tcm0lk 
of ike u%mcfii% may be desmbed (in tibe ma|ority of tbe spede^ 
in the foDowing way : — 
Joint I : long. 

,, 2 : shcKrt 

„ 3 : long. 

„ 4 : short. 



,, ^11 : length decreasng gradnaDy fnom 5 to 11. 

Here joint 2 is dif[crcnUaUd mmi i anSl 3. D c i f w a ai 3 and 
4 the dlfierentiation is very distinct in certain ^lecies^ less 
distinct in others. From 5 to 11 the gradatioa is almost ahmys 
continuous. 

Between typical continuous ^adddian and typicM discam^ 
Unuous gradation (differentiation) all possiUe transitioos 
exist. 

In a chess-board system continuous gradatioo (Fig. 13. 2), 
typical differentiation and all possible tianations betmen botfi 
may be observed in the direction of one or both axes and in 
various primordia. 

EXAMPLE: The epidermis of a j^oung leaf of Allium 
porrum is divided in the direction EW into a number of seg- 
ments, each of which consists of one longitudinal row of cdls, 
in the same way as the epidennis of an onion scale (Fig. 9, 
p. y6). In each cell we may distinguish an extremity S 
(proximal) and an extremity N (distal) ; a latent cause of 
gradation according to the axis NS exists in each cell. At a 
given moment of the development each cell (unit ^ + 2) is 
divided into a northern cell b and a southern cell a, and now 
gradation finds its visible expression, the iV-cell b bedng much 
shorter than the S-cell a. Since the difference in len^^ 
between a and b is very distinct, we may say that gradation 
results here in differentiation. 

Later on a second difference between a and b becomes appar- 
ent (Fig. i^) : a develops into an ordinary epidermal cell, 
whereas b is divided (in the direction EW) into two cells 
which form a stomate. In this way the curious differentiation 
of the units (longitudinal rows) x+i into alternative stomatic 

' In reality, the tegmenta are twelve in number, the first segment being very 
■mall and conoealed. 
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segments and epidermal segments properly so called may be 

r^arded as a consequence of 

gradation. 

In the 5-cells a laUni gradation 
exists ; it finds often its expres- 
sion in a division into a N-cell a' 
and a S-cell a', the cell a" being 
sharUr than a\ (See Part VIII.) 

§ 84. — ALTERATIONS OF 
THE CHESS-BOARD SYSTEM 
{continued). SIMPLE AND 
COMPOUND AXES. CURVED 
AXES. — An axis, in its simplest 
form, is the imaginary line which 
joins the centres of two cells 
produced by a division ^ ; it is 
therefore a straight line. Such an 
original axis may be called a 
simple axis. In the hitherto men- 
tioned examples I have looked 
upon the axes of the objects 
under consideration as being 
straight lines. Those axes are 
indeed simple axes (teleuto-spores 
of Puccinia, § 6i, p. 77 ; the axis 
£W^ of a stomate, Fig. 14, etc.), 
or compound axes consisting of a 
number of successive simple axes 
following each other in the direc- 
tionof one straight line {Spirogyra, 

§ 54. Fig. 2). 
It happens, however, very often 

that a compoimd axis is curved. 
The curvature of a compoimd 
axis ought to be regarded as a 
secondary modification, which 
may depend on various causes. 
In each peculiar case the cause 
ought to be discovered. 

I place in a FIRST GROUP 
those numerous examples of 
curvature which are due to ex- fig. i4.-^AUium porrum. Epi- 
temal causes, such as gravity, dermis, ns, Norfh-Soath. a, a, 
wind, accidental mechanical */ ^''' «pAd«nnal cells.— 6, b, 
causes, etc. EXAMPLES: The ^*^°***^ 
axis of the flower stalk of many plants is straight; later OQ i 

> Or, mofe gBneFally, of two adjacent cellf . See EuaOfop&lt. I 6a. 
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may be taken as the axis NS. If we want to study the parts 
near the maigin (for mstance, the cells of the differentiated 
border) it is in general more convenient to take the tangential 
(periclmal) direction as the axis NS and the radial (anticlinal) 
direction as the axis EW. (At the place of the greatest 
breadth of the leaf the peridinal axis is, of course, parallel to 
the nerve.) 

SECOND EXAMPLE : It may happen that in a chess-board 
S3^tem (Fig. 13, i) the primordium number of cells in the 
successive longitudinal rows (counted in each row in the direc- 
tion NS) ailments gradually in the transversal direction; 
for instance, from W to E (the dimensions of all the cells being 
supposed to be the same). As a consequence of this gradation 
the whole system will be bent in such a way that the margin W 
will become concave and the maigin E convex. Just as in the 
first example, the curvature depends here on gradation, and 
each margin forms a continuous curve, the explanation being 
the same as for a leaf of a moss. A sunilar curvature may be 
produced by a gradation of the primordium length 0/ the cells 
(from W to E) according to the axis EW, If the primordium 
number of cells is at play, the sensitive period of the curvature 
coincides with the period of cell-division; if the curvature 
depends on the primordium length of the cells its sensitive period 
comes later, coinciding with the period of increase of the cells. 
Concave-convex curvatures are very common ; for instance, 
in the mandibles of almost all the insects, in many fruits 
{Medicago, etc.), etc. For the investigation of such objects, 
we may limit ourselves to the epidermis, which is a biaxial 
system. 

§ 85.— ALTERATIONS OF THE CHESS-BOARD SYSTEM 
{continued). DISORDER. — ^The segments of a chess-board 
system are often in disorder, forming an irregular mosaic-work 
in which it is sometimes difficult to discern the prmiitive dis- 
position and the direction of the axes. In the leaves of the 
mosses we observe all possible transitions between a regular 
QX almost regular checker-work in which the direction of the 
axes is distinct and complete disorder. In the epidermis of 
the leaves of the Monocotyledons the checker-work is ordinarily 
r^ulat ; in the majority of the Dicotyledons the epidemic celb 
of the leaves are in disorder. 

Several causes may produce disorder ; in each peculiar case 
the cause ought to be investigated. I content myself with 
mentioning three causes of disorder : 

(i) If the cells were disposed regularly into longitudinal and 
transverse rows as the divisions of a dhess-board they would be 
quadrangular, and four cell-walls would meet each other at 
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each comer of each cell. This is a mechanical impossibifity, 
because the cell-wails always meet each other three l^ three. 
Therefore a supplementary (more or less curved) facet is always 






Fig. 15. — Chess-board system in leaves of mosses. — i. CaihaHnea 
undvUaia, almost regular. 2. Id., id., slight disorder. 3. Mnium 
undtdcUum, disorder . Adnaturam 

interposed at each comer : an alteration of the form of the 
cells and a certain degree of disorder are unavoidable con- 
sequences of this interposition. The cause of disorder is 
imiversal, but its effects are ordinarily rather imimportant. 
(Fig. 8.) ' 
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(2) Disorder may be a consequence of gradation. We have 
seen, for instance (§ 84, first example), that in a leaf of a moss 
gradation produces a displacement of the cells and a curvature 
of certain axes : it is obvious that disorder may be brought 
about at the same time. 

(3) In a chess-board system each segment (for instance, each 
cell) is an individual which is more or less independent of the 
adjacent individuals.^ All the individuals are plastic (as any 
Hving individual whatever). Therefore diversity in the con- 
ditions of development (see below) brings about variation, for 
instance, with regard to size and form, and this is a cause of 
displacement and disorder. 

The development of the segments is influenced in various 
ways by external causes within the limits of one system. For 
instance, a small object may cover a part of the surface of a 
system (a leaf of a moss, the epidermis of an animal or a 
plant, etc.) and modify locally temperature and light ; certain 
segments may be afiected by a shock or by temporary contact 
with any object, etc. Such causes, acting during the sensitive 
period, may favour or thwart cell-division in certain segments 
(Fig. 15), accelerate or slacken the growth of certain imits, a 
consequence of such local modifications being disorder. 

When comparable parts are investigated in several species 
in respect of disorder it is often seen that regularity prevails 
in certain species and disorder in others. Therefore disorder 
seems to be, in a certain degree, a property of certain species. 
(Compare, for instance, the dorsal surface of the pronotum, 
which is a chess-board system, in a series of species of 
Carabus,) 

It may be surmised that regularity prevails in the majority 
of those cases in which the system or its segments are elongated 
according to one oi the axes (NS or EW), whereas disorder 
is ordinarily observed when the system or its segments are 
rather isodiametric. EXAMPLE : The epidermad cells of 

^This physiological independence may be easily demonstrated. In the 
epidermis oi an onion bulb, for instance, certain cells which are weakened by 
one or another cause (a shock, a ^ort contact with a hot or a very cold object; 
etc. ) may be killed by a certain poison, whereas the adjacent headthy cells are 
not visibly influenced. If the poison is a plasmolysins^ substance (for instance, 
KNO) at 10 per cent.), the h^thy cells are plasmoTysed ; in the weakened 
cells only the wall of the vacuole (tonoplast) is plasmolysed and separated 
from the exterior part of the protoplasma (inclumng the nucleus) which is 
killed. In cells which are still more weakened the whole of the living con- 
tents of the cell is killed at once by the mentioned poison without any trace 
of plasmolysis. 

If a small quantity of eosine (purissima) is added to the plasmolysing 
solution the above differences between adjacent cells become still more evident, 
since the killed parts are stadned, the livmg (plasmolysed) parts being ccdour- 
less (£. VERSCHAFFELT). This question has been thoroughly investigated 
by A. J. J. VANDEVELDE. 
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plants have ordinarily a regular position wben ekmgated 
and are rather in disorder when isodiametric. 

It happens that the limits between the s^ments of a chess- 
board system are obsolete, each segment bein^ represented by a 
vexDlary mark (§ 8i). If disorder exists at ue same tune, tiie 
chess-lxmrd-like disposition may be at first aght i 



because of the irregular position of the marks. EXAMPLE: 
Disorder often prevails in the disposition of the hairs with 

which the ^idermis of 
many insects and plants 
is dothed, each hair 
representing one s^ 
ment. 

The {dan of structure 
is, however, often recog- 
M nizable by comparing 
several species (some (x 
them bemg r^ular), or 
by investigating accur- 
ately the object in order 
to discover traces ci the 
limits, and perhaps by 
studying its embiy oo^ 
devdopment. 

Disorder is certainly 
the most important 
cause owing to wluch 
the universal distrtbu- 
]\{ Hon of the biaxial system 
in animals and plants 
has been hitherto over- 
looked, I regret that I 
have not been able to 
find any method to 
Fio. i6.— Af n<«m pumctatum. CeUa of the leaf* measure the degree of 




N-N, nerve. Ad naiuram 



disorder. 



§ 86.— ALTERATIONS OF THE CHESS-BOARD SYSTEM 
{continued). OBLIQUE AXES IN THE PLANE NS-EW 
(FALSE AXES ?). — In a number of biaxial systems the dis- 
position of the segments points to the existence of oblique axes. 
This is observed, for instance, in the leaves of certain mosses. 
In Mnium punctatum the cells are often placed in longitudinal 
and oblique rows, the latter being directed from the nerve 
towards the margin and from the base towards the simmiit 
of the leaf (Fig. z6). This is described as a character of the 
Bpecli?Si 
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It is rather difficult to find an explanation of obliquity. A 
priori three possibilities exist : 

(i) The observed obliquity is merely an illusion due to a 
quincunxial disposition of the segments. 

(2) Obliquity is a consequence of an oblique position of the 
cell-walls in each longitiidinal row. In certain leaves of 
Br yum argenteum I have observed that several longitudinal 
rows are sometimes r^ular and parallel, the transvCTsal cell- 
walls being oblique (Fig. 17). Each row resembles a ladder 
with oblique rounds. This curious disposition being limited to 
a small j^irt of the leaf, it may be supposed that obliauity is 
here secondary, the cell-walls being oblique, the simple axes 
being rectangular. 

(3) It is conceivable that an obliquan^[ular system really 
exists. This would be obtained if the divisions were succeed- 
ing each other alternately, for instance, in the directions NS 
and SE-NW. In this case the axes 
of both kinds would be in reality 
lines of segmentation, gradation and 
differentiation. I could not find 
any example of this supposed 
obuquangular biaxial system. The 
determination of the exact direction 
of the nuclear spindles might throw 
some light upon this Question. 

Curious examples of obliquity are 

observed in the shells of certain ^^ oi'ite^Sj!'" (ScffiSr 
Mollusca and are mentioned as 

specific characteristics ; for instance, in certain species of Tellina 
{T./abula), Pecten, etc. (In these shells a rectangular system is 
ordinarily predominant, the axes being anticlinal and periclinal.) 

§ 87.— REMARKS ON THE BIAXIAL SYSTEM (CHESS- 
BOARD SYSTEM, §§ 77-86). SIMPLE PROPERTIES.— 
Wien we want to discern and to measure the primordia of a 
given biaxial system we ought before all to estabhsh the direc- 
tion of the axes and the existing alterations ought to be deter- 
mined. After this preliminary work the primordia (simple 
properties) are measured in the direction of each axis, as if each 
of both axes existed alone. In other words, the whole system 
ought to be regarded as. a compound of two independerU uniaxial 
systems. The primordia of each system may be enumerated 
and classified according to the scheme in § 57 (see also §§ 60, 
72, 73, 78), each primordium being measured separately. 

It happens very often that two or more alterations exist simul- 
taneously in a given system. Since the possible alterations 
may coexist in tihe most various ways, numerous combinations 
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mechanical concordance and social equivalence have been often 
k\st out of sight* and even physiological analogy has been ratber 
nc^rWcted. especially by the zoologists. In spite of all th^ the 
k]x>wle4ge already gatnered affords a guide for the quantitative 
iawstigatKHi of the jximordia in the triaxial systems. 

§ »,— RECTANGULAR TRIAXIAL SYSTEM {continued). 
EaAMPLES. — According to the general scientific method, 
which consists in proceeding from the simple to the intricate, 
\w ought to b^in the quantitative investigation of the triaxial 
system with the study of simple examples, limiting ourselves 
to some easily measurable primordia. I give here four 
examples: 

FIRST EXAMPLE : The root of many Phanerogams before 
the secondary growth is initiated. This oigan may be r^^aided 
as a triaxial system, the axes being longitudinal {NS), peii- 
clinal (tangential, EW) and anticlinal (radial, ZN).^ On a 
transverse section of the root (idane EW-ZN) the following 
ten primordia may be measured (the list is incomplete) : — 

(i) The number of cells of the cortex in the radial (anticlmal, 
ZN) direction. In each root these cells ought to be counted 
according to three or four or even more radu, the mean value 
being tnkrn an //ki fy^urc of the root. 

(2-4) Thr n\uulvr of cells of the endodermis and their radial 
and tangential dintrnHions. ' 

(5) The nunilxT of radial rays of the xylem. 

(6) The mean numtx'r (or, in each root, the minimal and 
maximal numlx^r) of ligneous vessels in one ray. 

(7-10) In the phl(H*ni bundles the number and the dimensions 
of the cells in the radial and the tangential direction (investigat- 
ing three or four bundles and taking the mean values ' as the 
figures of the r(H)t) . 

It would be very interesting to study in this way the root of 
a series of species of one genus (for instance, of Allium, Iris, 
Narcissus, Poa» etc.). Of course roots of several specimens of 
i^ach sixv.ies ought to be studied, terminal branches of the root 
system (six^ial equivalence, see §§ 74-75) being taken and the 
sectiims being made at a given distance from the summit in 
each and all. 

A monograph of a genus being obtained, it would be interesting 
to cultivate certain species under different conditions (in sand, 
clay, peat ; moist and dry, etc.), and to study quantitatively 
the plasticity of the primordia above mentioned. By means of 

K\>asidbrix^E &ny cell whatever, its simple axes are NS» EW and ZN. 
Iti rauipie axis iV5 beloogs to the longitudinal axis which passes through its 
cciiiic. Similsurly its simple axis ZN is a part of a radial axis and its simple 
a\iii EW in 9k part of a carved (circular) periclin axis. (See, on the cun^ 

> Oi the mittjaaal und the maximal values. 
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a series of successive sections from the summit towards the 
base it would be possible to construct the developmental curve 
of each primordiimi. 

A number of subjects of research may be found along this 
line of investigation. 

SECOND EXAMPLE : The siphon of the Pelecypods. 

TfflRD EXAMPLE : The shell of the Molluscs. This sheU 
consists of two or several superposed layers. Each layer may 
he looked upon as being a chess-board system, the axes of whicn 
are periclinsd and anticlinal In each layer (system) all possible 
alterations (§ 79) may exist and are combined in various ways. 
The successive kiyers are superposed according to an axis ZN 
(normal to the surface of the shell). They are more or less 
independent of each other. It happens, for instance, that in 
the external system (superficial layer) the segmentation in the 
(Erection of the anticlinal axis^ is predominant, whereas the 
se^entation according to the penclinal axis (division into 
spirally curved resp. radiair segments) prevails in the second layer. 
tn other cases the same s^mentation (anticlinal or penclinal) 
is equally predominant in both layers. In certain species the 
second layer is completely concealed by the exterior one, the 
properties of the latter being visible at tiie surface of the shell. 
In other species the exterior layer is moulded upon the second 
layer in such a way that the former bears the impression of 
certain properties of the latter, the extemsd characteristics of the 
shell bemg a combination of the properties of both layers. In 
many sh^ the coloured lines, spots, etc., are vexiUary marks 
(see § 81). In certain species obUque axes are observed (see 
§ 86, p. 109). Very often se^entation is obsolete, except at 
or near the margin, where it is indicated by teeth {Donax 
anatina, etc.), coloured spots (species of Cassis, etc.), etc. 

All the mentioned properties may be studi^ and measured 
according to the method indicated for the biaxial system, each 
layer being investigated separately. 

More properties of the shells are easily measurable, for instance : (i) in 
the spiral shells, the height of the shell and its diameter at the place of the 
greatest br^idth ; (2 ) in the conic shells {Patella, etc. ), the height, the length 
and the breadth ; (3 ) in the Bivalves, the length and the breadth of the 
valves and the transverse diameter (the valves being closed and taken a^ 
a whole). 

The properties mentioned above are, of coarse, compound properties. For 

^ In the majority of the Gasteropods and Cephalopods {Ammonites, NautUus, 
etc.) the shell has a spiral form. Here the anticlinal axis NS, crossing the free 
margin of the ap ert ur e of the shell at right singles, is a spirally curved line 
as the shell its^f. The penclinal axis ^H^ is tangent to the maxgin. In 
Patella, Ancylus and other similar Gasteropods and sJso in the Pelecypods, 
the periclinal axis is concentric (tangent) and the anticlinal axis is radial with 
regard to the shell considered as a whole. 

H 
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the descriptioa of the species, they may be regarded without inconvenieace 
as simple. 

Several aothois have tried to find in the dimensions of the shells (for instance, 
the ratio breadth : length, etc.) characters ol the species. This method has met 
hitbnrto with little success, because the majority of tite authors did not know 
in v^iich way variable properties ought to be measured (see Part VL).^ 

In § 80, p. 98, I have called attention to the importance of 
the study 01 the shells. Since the notes and the material which 
I have collected for years are not within my reach, I must con- 
tent myself with the above very incomplete indications. 

FOUTITH EXAMPLE : The rdim of the vertebrate animals 
is a triaxial system, the structure of which is complicated but 
comparatively regular. I think that it is practically possible 
to measure certain of its primordia.* A comparative mvesti- 
gation of the retina of se>^ral allied species would be here, as 
for many other subjects, the best method. 

^See HENRY EDWARD CRAMPTON (Professor of Zoology, Bainaid 
College, Columbia University), Studies on the Variation, DistrtbuHan and 
Evolution of the Genus Partula {the species inhabiting Tahiti). 314 pages, 
34 + 19 (very beautiful) plates and numerous diagrams and tables. (Camegie 
Institution of Washington. (Publication No. 228. 4^. Issued 20tlijannaiy 191 7.) 

In this interesting work (with which I became acquainted thioogh the 
kindness of Prof. S. J. HK^KSON, Manchester University) four pro p erties 
(length and width of the shell, id. id. of the aperture) are measnxed in nutmerpus 



specimens of a number of species and local races. 
* Dimensions of the cones, rods, pigmentary cells. 



etc. 
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confounded, and only three different compound events oug^t to 
be distinguished — viz. 

aa ab + ba bb 

or 

a* + 206 + 6* 

These three compound events have not the same frequency. 
Each of the events a} and 6* is produced in one way ; its fre- 
quency is \. The event ab may be produced in fwo ways {ab 
or ba), each of which has the frequency \. The frequency of 
ab is the sum of the frequencies of these two ways — ^viz. i + J = J- 

The trinomial a^ + 2ab -k- 1^ affords us complete information 
about the events which may occur when two coins are tossed 
once — ^viz. 

(i) Each letter represents a simple event (two simple events 
are in play). 

(2) The numerical value of each letter represents the fre- 
quency of the corresponding simple event (a =| and 6 = |). 

(3) From the number of terms we know how many sorts of 
compoimd events are possible (three). 

(4) The numerical value of each term represents the fre- 
quency of the corresponding compoimd event (for instance, the 
frequency of ab is 2ab = f = J). 

(5) The simi of all the coefficients ^ is the number of possible 
compound events, the order of succession being taken into 
accoimt (1 + 2 + 1=4). 

(6) The letters of each term represent the constitution 
(simple events) of the corresponding compound event. 

(7) The coefficient of each term indicates in how many ways 
the corresponding compound event may be brought about (for 
instance, ab in two ways : ab and ba) . 

All the above information may be obtained in the following 
way: — 

The binomial a + 6 or (fl + 6)^ (in which a = 6 = J) represents 
the events which may be observed when one coin is tossed. 
When two coins are tossed we obtain a complete representation 
of all the events by multiplying the binomiab of both coins into 
one another — ^viz. 

(a + 6) x(a + 6) = (a + 6)« = a* + 2aft + 6« 

All the above may be verified approximately by observation, 
under the condition that the number of experiments (tosses) is 
large enough. Example : If two coins are tossed 3037 times, 
the event ab may be expected approximately 1518-5 times 
(1518 or 1519 times), and each of the events a^ or ^ approxim- 
ately 759*25 (759) tunes. 

^ Or the denominator of the numerical value of any term. 
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REMARK : In the examples hitherto mentioned we have 
at our disposal two methods for discovering the ejSects of the 
variable combined cause which is called chance : (i) calculation 
a priori, based upon the properties (specific energy) of the 
objects under consideration (coins) ; (2) observation of facts 
in sufficient numb^. 

§ 96.— FOURTH EXAMPLE : THE POSITIONS OF 
EQUILIBRIUM OF THREE COINS.— Three coins being 
tossed successively, the possible compoimd events are eight in 
number — ^viz. : 

aaa aab abb bbb 
aba bob 
baa bba 

The order of succession being n^lected (the coins being 
tossed simultaneously), the eight compoimd events are reduced 
to four. Taking the binomial of each coin (in which a=& = |), 
complete information is obtained in the following way : — 

(a + 6) x(a + 6) x(a + 6) = (a + 6)»= 
= a' + 3a*6 + 306* + 6' 

From this polynomial we obtain similar information to that 
found in the trinomial in the third example (p. 120, (i)-(7)). 

Experimental verification: I have tossed mree coins (British 
pennies) simultaneously 1000 times. Result : 

First Series : 500 Successive Tosses 



Compound 
EvenU 


Obterred 
Frequency 


Calculated 
Frequency 


aft* 
6» 


65 
200 

54 


500 xi= 625 

500x1= 1875 

500 xf = 187-5 
500 xj= 625 



Second Series : 500 Successive Tosses 



Compound 
EvenU 


Observed 
Frequency 


Calculated 
Frequency 


a* 
a*b 
ab* 
6» 


47 

175 
216 

62 


500 xi= 62*5 

500x1= 187-5 

500 xf:= 187*5 

500 xf* W'* 
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First and Second Series : looo Tosses 



Compound 
Events 


Observed 
Freqnenqr 


Calcnlated 
Frequency 


a^b 

ab^ 

6» 


112 
375 

397 
ii6 


1000 xt=I25 

1000x1=375 
1000x1=375 

lOOOx J = I25 



According to the above figures, the simple event 
a (head) has been observed 1483 times 
b (tail) „ „ „ 1517 „ 

The observed ratio is heads: tails ==0'gy8:i, the calculated 
ratio being 1:1. In § 93 (3000 tosses) the observed ratio was 
heads : tails =0'g^ : i. (See § 103.) 

§ 96 .—FIFTH EXAMPLE : POSITIONS OF EQUI- 
LIBRIUM OF A SYSTEM OF n COINS.— Whatever may be 
the number of coins, complete information about all the possible 
events is obtained by means of the expression {a + 6)*, in whi€^ 

{1) a and b represent the simple events (a = head and &=tail) ; 

(2) a = 6 = I (frequency of the simple events) ; 

(3) n = number of coins (number of simple events which are 

combined into compound events). 
Let us suppose that six coins, I., II., III., IV., V. and VI., are 
tossed. The order of succession being taken into account, 
sixty-four compound events are equally possible (stable) — ^viz. 

aaaaaa aaaaab aaaabb aaabbb bbbbaa bbbbba bbbbbh 



aaaaab 


aaaabb 


aaabbb 


bbbbaa 


bbbbba 


aaaaba 


aaabab 


aababb 


bbbaba 


bbbbab 


aaabaa 


aaabba 


aabbab 


bbbaab 


bbbabb 


aabaaa 


aabaab 


aabbba 


bbabba 


bbabbb 


abaaaa 


aababa 


abaabb 


bbabab 


babbbb 


baaaaa 


aabbaa 


ababab 


bbaabb 


abbbbb 




abaaab 


ababba 


babbba 






abaaba 


abbaab 


babbab 






ababaa 


abbaba 


bababb 






abbaaa 


abbbaa 


baabbb 






baaaab 


baaabb 


abbbba 






baaaba 


baabab 


abbbab 






baabaa 


baabba 


abbabb 






babaaa 


babaab 


ababbb 






bbaaaa 


bababa 
babbaa 
bbaaab 
bbaaba 
bbabaa 


aabbbb 








bbbaaa 
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faces of the die becomes visible. The frequency of each event 
(face) is |. If we represent the faces by six letters, a, b, c, d, e, f, 
and ascribe to each letter the value of its frequency, which is ^ 
for each, the possibilities are expressed by the polynomial 

a + 6+c + i+^+/=f = 1 (certitude)^ 

Two dice being cast successively, the simple events are com- 
bined two by two, and thirty-six compouna events are equally 
possible, according to the expression (a + 6+c + i+e+/)*. (See 
§ lOo.) These thSrty-six events are represented by aa, ab . . . 
ba, bb . . . etc. The frequency is ^ for each. 

If the order of succession is n^lected, the thirty-six events 
are reduced to twenty-one (see § loo) — viz. 

(a+6+c + i + e+/)* = 

Table a 

a* + 2a6 + 2flc + 2ai + 20^ + 2a/ + 26/ + 2c/ + 24^+ 24/"+/" 
+ 6* + 26c + 2bd + 2be + 2ce'\- zed + e^ 
+ c^-^zcd-k- d* 

It is possible to go further. Since each letter represents one 
of the faces of a die, we may ascribe to each letter two distinct 
values : (i) the value of tike frequency of the corresponding 
simple event, which is I for each letter ; (2) the value of the 
corresponding face of the die (a = i, 6=2, c =3,(^=4, ^ = 5, /=6). 
This facial value is quite independent of the frequency. 

In Table a each monomial is the expression of a compound 
event. The arithmetical sum of the letters of each monomial is 
the facial value of the corresponding compound event ; for 
instance: 

a'=a + a = i + i=2 
a6 = i + 2=3 
ac = i + 3=4 
6« =6 + 6=2 + 2=4 



/«=/+/ =6 + 6 = 12 

When only the facial values are taken into account, the twenty- 
one events in Table o are reduced to eleven, characterized by 
the values 

2, 3. 4. 5. 6, 7, 8, 9, 10, II, 12 

(In Table a the monomials are arranged in such a way that 
they have the same facial value in each vertical column.) 

> This polynomial is also the expressioii of the six possible events when one 
ball is taken from an tim containing six sorts of balls in equal number. (See 
§ 100.) 
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Table p 



B 



I.I 1.2 1.3 1.4 1.5 1.6 

2.1 2.2 2.3 2.4 2.5 2.6 

31 3.2 3.3 3.4 3.5 3.6 

4.1 4.2 4.3 4.4 4.5 4.6 

5.1 5.2 5.3 5.4 5.5 5.6 

6.1 6.2 6.3 6.4 6.5 6.6 



D 



In Table p the thirty-six compound events are represented 
by their facial values ; in each pair of figures the first figure 
represents the first die. In each of the eleven oblique rows 
peurallel to the diagonal BC the compound events have the same 
facial value. 

Tlie frequency of the eleven facial values is expressed by the 
sum of the arithmetical values of the monomials which belong 
to the same vertical colunm in Table a. For instance, the fre- 
quency of 4 (4 dots with 2 dice) is 2ac + 6*=A- + Ji^syV-^ 

In Table y the eleven facial values are given wi^ their 
respective frequencies : 









Table x 














Fac. value 2 


3 


4 


5 


6 


7 


8 


9 


10 


II 


12 


Frequency ^ 


A 


^ 


lAr 


A 


A 


A 


A 


A 


A 


A 



The frequency increases r^;ularly from 2 to 7 and decreases 
further till 12. (G>mpare Table p.) This r^ular result 
(which may be verified by experiment ; see § 103) is brought 
about by chance! The variation of the facnal values is tn- 
cluded between two limits : 2 and 12. 

If n dice are cast the frequency and the facial value of all the 
possible events may be obtained by expanding {a+b + c-{-d + 

The same method is applicable, of course, whatever may be 
the number of faces of the dice (tetrahedral, octahedral, 
dodecahedral, icosahedral dice, etc.) and the number of dice in 
each cast. A coin may be looked upon as being a die with two 
faces. In the experiments with coins (§ 94 ; see also § 98) all 
the possibilities are laietU in the expression (a + b)^ : this is a 
peculiar case of tihe general method expounded in the present 
paragraph. 

§ lOB.— TENTH EXAMPLE : ONE CAST WITH TWO 
DICE : DIVERSITY OF THE EFFECTS.— In the preceding 
example we consider a first series of six events (first me) which 
coincide with the facial values i to 6, and a second similar series 

1 In other wocds, the facial value 4 is obtained in three difierent ways, each 
of whidi has a frequency A. (See Table /3.) 
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§ 108.— ONE CAST WITH TWO DICE. EXPERI- 
MENTAL VERIFICATION OF THE EXAMPLES IN §§ loi- 
102. I have cast two dice 3600 times. Result : 

Table { (Compare Table /S, p. 127): 3600 Casts with 

2 Dice : Observed Frequencies 





DiellM 


Die 11:2 


Die 11:3 


Die 11:4 


DieII:5 


Dien:6 


Toul 


Die I: I 


97 


100 


120 


1 


Z02 


99 


637 




: 2 


103 


99 


90 


98 


96 


584 




3 


114 


90 


84 


116 


91 


97 


592 




: 4 


96 


99 


96 


91 


102 


102 


586 




: 5 


84 


07 


100 


102 


108 


105 


586 


„ : 6 


107 


99 


104 


84 


103 


118 


615 


Total 


601 


574 


594 


610 


604 


617 





According to calculation, the figure loo was expected in, each 
of the thirty-six divisions. In twenty cases the difference 
between the observed and the calculated value does not exceed 
0*04 of the latter. Although the number of casts is rather 
small (no less than thirty-six compound events are compai^) 
the concordance is not unsatisfactory. 

In the horizontal rows and in the vertical columns the 
deviations from the calculated figure (600) are small ; in the 
most unfavourable case it reaches hardly 0*062 of the latter. 

Looking upon the 3600 casts as bdng 7200 casts with one die, 
taldng the figures of each die separately and calculating how 
many times even and uneven figures were obtained (equality is 
expected), we find : 

Die I Die II 

even (2, 4, 6 dots) : 1785 1801 
uneven (i, 3, 5 dots) : 18x5 i799 

Both dice together (expected 3600 : 3600) : 

even: 3586 uneven: 3614 

Deviation from the expected figures : 0'004. The observed 
ratio is even : uneven =o'gg2 : i. 

Compare this very satisfactory result with the irregularity 
of the series of 100. 

Compare the series of 100, 500 and 3000 in § 93 (p. 118) and 
the senes of 3000 in § 95 (p. 122). 

When we take in each of the thirty-six compound events in 
Table P the sum of the facial values of both dice, the thirty-six 
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events are reduced to eleven, the calculated relative fiequeiicies 
of whkh are (according to Table y, p. 127) : 



Facial values . .23456 
Relative frequencies 12345 
Facial values . . 9 10 11 12 
Relative frequencies 4321 



7 
6 



8 
5 



From the figures in Table i (p. 131) we may easily deduce 
the observed rdative frequencies m our series of 3^ casts — viz. 

Table n : 3600 Casts with 2 Dice 



Facial values 


• 


a 


S 


4 


6 


6 


Calculated frequencies 
Observed » 
Facial values 


• 

7 


100 

97 
8 


200 

203 

• 


300 

333 
10 


400 

395 
U 


500 

467 

IS 


Calculated frequencies 
Observed „ 


600 
603 


500 
477 


400 
405 


300 
294 


200 
208 


100 
118 



In Example (A) (§ 102, p. 128) the frequencies of the eighteen 
values of the rectangles constructed by means of the thirty-six 

Table (Surface of Rectangles) 





Frequencies 


Snrfiioet 


Freqnendefl 


Snrfiicet 


CalcnUted 


Obserred 


Cikqiafrd 


Obeenred 


I 


100 


97 


19 


^_ 


^^^ 


2 


200 


203 


20 


200 


185 


3 


200 


234 


21 


— 


— 


4 


300 


3J1 


22 


— 


— 


5 


200 


186 


23 


— 


— 


6 


400 


386 


24 


200 


186 


7 


— 


— 


25 


100 


108 


8 


200 


X 


26 


— 


— 


9 


100 


*Z 


— 


— 


10 


200 


185 


28 


— 


— 


II 


— 


— 


29 


— 




12 


400 


407 


30 


200 


208 


13 


— 


— 


31 


— 


— 


14 


— 


— 


32 


— 


— 


15 


200 


191 


33 


— 


— 


16 


100 


91 


34 


— 


— 


17 


— 


— 


35 






10 


200 


201 


36 


100 


118 
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pairs of facial values have been ^calculated a priori. From 
Table ( (p. 131) the observed frequencies may be deduced. 
In Table (p. 132) both series of relative frequencies are 
compared : 

Although the above concordance is hardly satisfactory 
(because the casts are not numerous enough), it is sufficient to 
prove that the calculated figures, however capricious they seem 
to be, are the expression of really existing nues of chance. 

In Example (B) (§ 102, p. 129) the first figure of each pair has 
been divided by the second. The tlurty-six quotients have 
been brought into seven groups and the frequency of each eroup 
has been calculated. Tue calculated and the observed fre- 
quencies (deduced from Table Q are compared in Table * : 

Table 4 (Quotients) 





Fieqnendes 


Qnotknts 


Calcnlmted 


Obterred 


0-099 


1500 


1535 


I-I99 


1200 


II72 


2-299 


400 


393 


3-3 99 


200 


213 


. 4-4 99 


100 


96 


5-5 99 


100 


84 


6 


100 


107 



With r^ard to the colojirs mentioned in Exaniple (C) (§ 102, 
p. 130) a comparison between the calculated and the observed 
values (deduced from Table Q is given in Table k : 



Table i 


K (Colours) 






Frequencies 




Calculated 


Obsenred 


Mixed colour 
Pure colour 
White 


2400 
600 
600 


2402 
601 



Here the concordance is as satisfactory as possible. 

In Example {D) (§ 102, p. 130) the frequencies of the three 
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sorts exist, but as often as a germ cell D meets an R, the 
property R is latent ; and in a similar way r is latent when d 
meets r. Therefore the 9 sorts are reduced to 4 — viz. 

The seeds DH^ are Dd (round, yellow) 



j» 



99 



99 



99 



>> 



99 



»> 



» 



2DHr 

^DdRr 

/?»«? 

2drR* 

2DRr* 
R*r* 



>> 



»> 



>» 



>> 



>> 



» 



»> 



>» 



»> 



»» 



9> ) 



Dd 
Dd 

Dd( „ „ ) 

Rd (wrinkled, yellow) 
Rd( „ „ ) 

Dr (round, green) 
Dr{„ „ ) 
Rr (wrinkled, green) 



(Compare (4), p. 120.) The nimierical value of each term is 
the frequency of the corresponding sort of seeds — viz. 



Roimd, yellow (Dd) 
Wrinkled, yeUow (Rd) 
Round, green {Dr) 
Wrinkled, green {Rr) 

or 9 : 3 : 3 : 1 (relative frequencies). 

In MENDEL'S experiment (556 seeds }aelded by 15 F^ 
plants) the figures were ^ : 






Rr (wrinkled, green) 
Dr (roimd, green) 
Rd (wrinkled, yellow) 
Dd (round, yellow) 



Obserred 



32 seeds 
108 

lOI 

315 



»* 



99 



>> 



Odcalated * 



556 XtV 
556 X A 

556 X A 

556 XtV 



35 seeds 
104 
104 

313 



>* 



>> 



99 



C(msidering the four above groups with reference to their 
hereditary possibiUties, we discern : — 

Among the flants raised from round, yellow seeds : 

(a) Plants raised from seeds D*i*, which are expected to 
yield i sort of seeds (roimd, yellow) ; this is expressed by the 
coefficient of the term, which is i. 

{P) Plants raised from 2DRd* ; coefficient 2 ; 2 sorts of 
seeds (round, yellow ; wrinkled, yellow). 

(y) Plants raised from 2D^dr ; coefficient 2 ; 2 sorts of 
seeds (round, yellow; round, green). 

(S) Plants raised from 4DRdr ; coefficient 4 ; 4 sorts of seeds 
(round, yellow; round, green; wrinkled, yellow; wrinkled, 
green). 

^MENDEL, in BATESON, loc. cit., p. 335. Compare the method of cal- 
culation adopted by Mendel and the method followed here. 

' These experimental results are very satisfactory. Compare the figores 
obtained by tossing 500 times one coin, p. 119- 



141 TBE qcMrrmaro: 



^^ :t 1 



L UAUUSdi*: m 





4-84 



SIC 



Fk. 1 8. 



of CXTOCS («-*-&) 



however, all the errors at the same time as a iBdiolet we see that 
their distribotioa (among the eleven giaiq>s) is governed by a 
definite rule. Aocoidin^ to experience^ the leogth of the snoces- 
nve ordinates is approyimatdy {xopcxticmate to tfae^nnmerical 
values of the terms obtained by expancfing (a-r6)* in which 
a = b=\. If we suppose n=io, we obtain ii terms — viz. 

«*• + ioa*6 + 45a*6* + I20tf'ft* + 2ioa*6* + 252a*6' + 
2ioa*6^ + i20fl%' + 45^*6* + lOoJ* + &^* 

The numerical value of each term is given by its coefficient 
divided by 2** = i024, thus tAt# iMt» etc. 

* tliD length of the central ordinate represents the number of measarements 
frotfi 4'99 to 5*0 1. The mean is 5'oo. 
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watery solutions, containing respectively an acid and an alkaline 
substance. The solutions are prepared m such a way that lo c.c. 
of the acid neutralize exactly lo c.c. of the alkali. By means of 
the (exact) pipette A of the preceding example (§ no) lo c.c. 
of the acid are taken ; by means of die (imperfect) pipette B 
we take rather inexactly lo c.c. of the alkaline solution. Both 
volumes being mixed into one portion, we add one drop of turn- 
sol, by which the reaction (acid red, alkaline blue) is mdicated. 

A number of portions being obtained, we see that the red 
and the blue portions are (about) equally numerous. How 
can this result be explained ? 

AU the operations have been carried out exactly as in the 
preceding example (§ no). Since the add has been measured 
by means of A, the volume acid is exactly lo c.c. in all the 
portions. The alkaline solution has been measured by means 
of B, which is imperfect, and therefore the alkaline volume is 
variable from one portion to another. In all the portions in 
which the alkal. vol. <io c.c, the colour is red (acid pre- 
dominant), whereas the portions in which alkal. vol.>io c.c. 
are blue.^ 

We know from the example in § io8 (density) that the errors 
depend on chance. A curve of errors (Fig. i8, p. 146) is sjon- 
metrical, positive and negative errors being equally numerous. 
Since each positive error {cUkal. vol. >io) produces Uue and each 
negative error {alkal. vol. <io) red, both colours are observed an 
equal number of times. 

In this example the variation produced by chance (the 
colours only being taken into account) is not expressed by 
means of figures. Chamce may produce only two events (states 
of equilibrium) : red or blue. When chance is alone at play, 
red and blue are equally frequent. (If, however, a simple cause 
interiered, augmenting, for instance, slightly the acid volume 
in each portion, the frequency of the event red would increase, 
and vice versa.) 

§ 112.— REMARKS ON THE PRECEDING EXAMPLES : 
CONTINUOUS AND DISCONTINUOUS VARIATION.— In 
the examples mentioned in §§ 108-110 (density, sand, two 
volumes of water) the variation of the observed values is con- 
tinuous : it is expressed by a series of figures in which no gaps 
occur, the transition from one value to the next one being 
gradual (see the figures, p. 145) * and the frequency of the 

1 It is thinkable that the reactions of certain portions were mutral, both 
constitaent volumes being strictly equal. The probability (frequency) of 
this event is exceedingly small, and therefore it may be practically excluded.' 
Conmare the possible states of equilibrium of a coin, § 92. p. 1 17. 

s In the mentioned series of observed values (p. 145) the difference between 
two successive figures is not an existing gap : in value depends on the used 
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{vepared in this way, we determine exadly the wd^t of the 
precipitate in each 
mixture. Hie vahie 
of this wdght de- 
pends on two causes, 
one of ^^lich (p^tte 

A) is invariable, the 
second me (pq>ette 

B) consisting <^ an 
invariable cause ± tt 
variable cause which 
ischance. The varia- 
tion (errors) of the 
weight precip. is 
therefore governed 
by the rules of 
chance, but here 
the effects of chance 
are of a peculiar 
kind. 

Suppose that the 
greatest errors (with 
r^ard to the volume) 
committed byuang 
pipette B have been 
+ o-i6 and -o-i6 
C.C. Between these 
extremes all the 
errors are distributed 
according to a carve 
similar to Fig. i8, 
the n^ative errors 
being equal in num- 
ber to the positive 
ones. 

Since the volume 
of a is exactly lO c.c. 
in all the mixtures, 
each negative error 
results in a diminu- 
tion of the weight 
precip. Forinstance, 
0. tg.—ABCDEFGHIJK, carve oi committed errors Q^q greatest n«ra- 
iSS*''" ''^^^^^' "^ '^ "^"""^ ■**** tive error, wh?ch 
amounts to o-oi6 of 
lo cc, corresponds to 984 mgr. of precipitate instead of 1000, 
etc. The positive errors, on the contrary, don't produce any 
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means of an exact pipette A and an imperfect pipette B. 
(See p. 148.) The three series of experiments may be rq>eated 
mider the following conditions : — 

(i) The successive mixtures are prepared at equal intervals 
of ten minutes each and marked wiui a number indicating their 
order of succession. 

(2) Pipette B is supposed to increase Tegoiaily (unknown to 
the operator) through the whole duration of each series of 
expermients,^ with such a velocity that the volume indicated 
by degree 10 is increasing by 001 c.c. in the course of each 
interval of ten minutes. I ascribe here to pipette B a property 
of the living beings— namely, growth. 

(3) At the beginning of each of the three series degree 10 of 
pipette B coincides (unknown to the operator) with a volume 
of 9 C.C. instead of 10. 

Suppose that in each series 200 portions (mixtures) are pre- 
parea. In sdl the portions the already mentioned properties 
are measured or observed— viz. 

1st Series (fourteenth example) : water + water : property 
volume. 

2nd Series (fifteenth example) : add + alkali : property colour 
(red or blue). 

3rd Series (sixteenth example) : salt a + salt b : property 
wetghi of the precipitate. 

is/ Series. — If no errors were committed, volume i (first 
portion) • would be 10 + 9 = 19 c.c. In a sindlar way — 

Volume 2 would be 19-01 c.c. 
3 « 19-^2 „ 



• • 


• • 

30 
31 


1 • 


... 

1929 
1930 


»» 


• • 


90 
91 

• • 


. . 


19-89 
19-90 

• • • 


• 




100 
lOI 




19-99 

2-000 




• • 


no 
III 

. . 


• . 


2009 
20 10 

... 


99 

99 

• 



„ 200 „ 20-99 „ 

^ For instance, by an increase of its diameter unperceived by the operator. 
* Volume I is prepared at the moment o. 
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But since errors are committed with pipette B, the effects of 
the cause (volume) B are continually varying according to the 
law of errors (§ io8) and the increase of the volume given by B 
is no longer regular, but varying continuaUy. If ue greatest 



20 



• • 



99 



CUD cm. 



■6 



>• • • 
• • • 



• • 






• •( 



••• 






-; 









1 




./; 



CUi 



cm 



1 II HI IV V VI VII VJK IX X t 

Fig. 20. — The distance between each small dot and ot is supposed to 
represent the volnme of a portion. The thick dots represent the 
curve of growth (see text) ; ot, time ; o, origin 

errors are supposed to be +o-io and -o-io c.c, irregularities 
may occur in the following way : — ^the volume of portion 30 
(for instance) is expected to be (without error) 19-29 c.c. ; if the 
error is, for instance, +006, the observed volume becomes 
19 35. The volume of portion 31 is expected to be 19-30 ; if 
the error is -o-io, the volume is reduc^ to 19-20. More or 
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body.) From this similitude QUETELET has deduced that 
variation in the living beings is governed by chance (law of 
errors). (See §§ 32 and 118.) 

From a mathematical standpoint, a curve of errors obtained 
by measuring a density (§ 100) and a typical variation curve 
(height of the prisms, § 115 ) are similar. From the standpoint 
of &e naturahst, however, two ftmdamental difEerences exist 
between them. 

A first difference exists with regard to the significance of the 
mean value. When the density of a solid a is determined by 
means of a series of measurements, two groups of causes 

m 




Fig. 24. — Symmetrical variation cnrve (a+b)^* 

(forces) are at play : (i) a definite simple cause, the density of 
a ; (2) a variable combined cause (chance). The mean value 
represents a definite something : it is the measure of a property 
of a — i.e. 2l physical constant (§ 108) ; the errors (deviations 
from the mean) are produced by chance.^ In the example of 
the prisms it is possible to calculate a mean (its value is 25 cm.), 
but this does not represent a definite constant, a property of 
the objects (compound prisms) under consideration. Here the 
mean is produced by the variable combined cause (chance). 
Its value depends (i) on the simple causes whidi have been 
combined (a = 2 cm. ; 6 = 3 cm. ; see § 115) ; (2) on the fre- 
quency of those causes (a = i; 6 = |) ; (3) on the number of 
causes (simple events) which have been combmed (n ; in the 

^ In other words, each observed value consists of tJU consUaU ± m^ mtot . 
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given example n = io). The mean represents therefore a very 
complex something. In order to realize its significance in 
general we are compelled to have recourse to a rather compt 
cated argument (expounded in § 115), starting from (a+6)V 
In each peculiar case, we must know the numerical value d 
the data a, b and n. 

It is, however, possible to give a definition of the mean value 
by saying that — 

The mean value is the anthmdical mean of all the observed 
figures (this definition is, for the naturalist, a fictitious some- 
thing) > 

Or— 

The mean value is the mosi frequent resultant of the combined 
causes ; in other words, the most frequently observed (the most 
probable) value. 

Although the latter definition is more satisfactory than the 
former, we don't find in it the notion of a directly measurable 
simple thing (a constant). 

Moreover, the arithmetical mean and the most bequent value 
do not always coincide. This coincidence exists in the t3rpical 
symmetrical variation curves ; for instance, in the example of the 
prisms (§ 115, p. 160). In this case we start from an urn con- 
taining simple prisms a and b in equal numbers. Since the 
frequencies of the simple events are equal, the variation of the 
compound prisms is expressed by a symmetrical curve, and 
the mean (25 cm*,) coincides witii the central ordinate (the 
most frecjuent value ; hump of the curve). 

If it is supposed that the first urn contains 100 prisms a 
(2 cm.) and 200 prisms b (3 cm.), the variation curve of the 
compoimd prisms would be obtained by expanding (a + &)^V 
the frequencies being a=i^=i and 6=UJ=i (compare the 
balls in § 99) — ^viz. (59,049 compoimd prisms being extracted) : 

Heij^ht of the 

prisms . 20 21 22 23 24 25 

Number of 

prisms • i 20 180 960 3360 8064 

Heij5[ht of the 

prisms 26 27 28 29 90 

Number of 

prisms . 13440 15,360 11,520 5120 1024 * 

This curve is asymmetrical. The most frequent value 

1 It is impossible to distiagaish in each of the eleven observed values a 
constant ± an error. 

' See the eleven tenns, p. 159. The numerical values are : a^^ =(1)^^ =-kt^xt : 
ioa'6=io(i}» (*)=3*WJ etc. ^^^ 

*The denominator oi the eleven terms obtained by expanding (i+})^* is 
310=59,049. 
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Drawings 
Minimiim 
Mean 
Maximum 



4th Series 


5th Series 


6th Series 


12OI-160O 

15 
2816 

43 


1601-2OOO 

14 
28-83 

42 


2001-2400 

14 
27-69 

42 



4th + 5th + 6th series (1200 drawings) : 

Minimum : Observed 14 Calculated 12 
Mean: „ 28-23 „ 28 

Maximum : .. 43 ,,44 



»9 



Third Experiment : Similar to the first, with 13 cards of one 
suit. Cards drawn simultaneously 4 by 4. The extreme facial 
values are 10 ( = 1 + 2 + 3 + 4) and 46 (10 + 11 + 12 + 13). Curve 
symmetrical. Arithmetical mean, 28. Result (facial values) : 



Drawings 
Minimum 
Mean 
Maximum 



7th Series 


8th Series 


9Ch Series 


2401-2800 

II 

27-62 

46 


2801-3200 

10 

27-42 

44 


3201-3600 

10 

2804 

44 



7th + 8th + 9th series (1200 drawings) : 
Minimum : Observed 10 Calculated 10 



Mean: 
Maximum : 



9t 



>» 



27-69 
46 



t9 



>9 



28 
46 



REMARKS : In each series of 1200 drawings and even in 
almost all the series of 400 drawings the mean value has been 
discovered in a satisfactory way. 

With regard to the extreme values, the result is unsatisfactory 
in the first experiment (this was expected, the frequency of the 
extremes being very small) ; the approximation is closer in the 
second experiment. In the third eiQperiment both extremes 
have been found exactly. The exceptional wide range of 
variation in the first experiment being taken into account, we 
may conclude from the above result that the discovery of the 
extreme values, with a sufiicient degree of approximation, is 
practically within the reach of observation. 

§ US.— NINETEENTH EXAMPLE. VARIATION 
CURVE OF A PROPERTY OF A LIVING SPECIES (BIO- 
LOGICAL VARIATION CURVE).— Starting from a very 
simple example (sphere, § 91) in which all the possible effects 
of chance are reduced to one event, we have been brought step 
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seems to have the same significance as in an inorganic variation 
curve. The length of the adult spike of the rye being tsiken 
as example, the external causes (temperature, water, food, etc.) 
which bring about variation by their combinations are in 
reality the causes of the development of the spike.^ Without 
heat, water, food, etc., no spike would come into existence, 
and no mean value would exist. 

There is, however, between both cases (inorganic and bio- 
logical) a fundamental difference. 

§ 119.— BIOLOGICAL AND INORGANIC VARIATION 
CURVES {continued): — ^Amon^ the external causes (factors) 
which have (or may have) an mfluence upon the development 
of the living beings, the following may be mentioned : — 

(i) Temperature. 

(2) Light (source of energy and stimulant). 

(3) Water. 

Food, which consists of a number of substances; for 
instance, (4)-(i5) : 

(4) Carbon (tension of CO*). 
(5^ Nitrogen. 

(6) Phosphorus. 

(7) Sulphiur. 

(8) Chlorine - (Br., L). 

(9) Potassium. 

(10) Sodimn. 

(11) Calciiun. 

(12) Magnesium. 

(13) Iron. 

(14) Oxygen (food and respiratory comburant ; tension of 
oxygen in ti^e atmosphere). 

(15) Silica. 

a*. .*••.. 

(16) Electricity. 

(17) Radio-activity. 

(18) So-called catalysts (manganese, lead, uranium, etc.). 
(19J Other living beings (parasitism, symbiosis properly so 

called, etc.). 

(20) The space available for the development of the indi^ 
vidual. 

Each of the mentioned causes (the list is rather incomplete) 
has its proper influence upon each living specimen consid^rea 
as a whole and upon each of its primordia. These causes are 
the CONDITIONS OF EXISTENCE. 

In the course of the development of a living specimen the 

* Without the external factors the (internal) specific cauaes would not be 
operative. 
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by the number of measoied ^>ecimens developed at ad 



temperature : — 

Temperature . 
Frequency* . 
Groups • 


. lo' 11'' 12° 
. I 10 45 
a b c 


13° 14" 15" 
120 210 252 

d e f 


Temperature . 
Frequency* . 
Groups . 


. 16" 17** 18° 
. 210 120 45 
. g h i 


19" 20° 
10 I 


Suppose, on the other hand, that the relation bclweeu tk 
length A and temperature (between lo"" and 20° C.) is eAptessed 
by the icIDawmg table * : — 


Length ^^ (for mstance, 10 cm.) comddes with 10^ and 20"^ C 

„ ^ ( ., 12 „ ) „ 12" „ i8^ C 
„ ^ ( ,. 13 .. ) .» la*" ». 17"* c. 


From the above figures the f ollowmg variation curve (curve 
of frequency) of A is deduced : — 


Length 

A, (10 cm.) 

^8 (12 „ ) 

^f (13 .. ) 

\t (14 ,. ) 

(V = ) >^u (15 » ) 


Groap* 

•+k= 1+ 1= 

b + j= 10+ 10= 
c + »= 45+ 45 = 

i + A = I20 + I20== 
e +g = 2IO + 2IO = 

/= 

Total 


Frequency 

2 

20 

90 

240 

420 

252 

1024 = 2** specimens 



This curve is asymmetrical : the most frequent value ^t 
(14 cm.) is the length of the spikes which have been developed 
either at 14° or at 16*" C. The arithmetical mean of A is 1377 
cm. It may be possible to express (in a rather complicated 
way) the relations between the mean value and the data. The 
latter are : (i) the variation curve of temperature (absolute 
values and frequencies) ; (2) the values A^ A, . . . and the 
curve which expresses the relation between these values and 
the temperatmres between lo*' and 20° C. 

In the present state of biological science, however, the 
problem is insoluble, because we have no exact information 

^ Number of specimens (total 1024). 

* Proceeding in Fig. 25 from both limits f* and 7^ towards the highest ordi- 
nate, we meet en each side successively the values Xj, X, . . . X^. The 
length \i (practically o) coincides with the critical temperatures f* and T^. 
The length X, coincides with two temperatures (see Fig. 25) which are nearer 
the optimum (^), etc. The length X^ (=Xfi) coincides with ^. 
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about the data. The fi|;iires which I have taken are more or 
less approaching to reahty ; they are, however, arbitrary. In 
any case, the arithmetical mean is here, for the biologist, an 
empirical value. 

Second Eventuality : The limits of temperature are supposed 
to be 11° and 21° C. (^ = 15°). The frequencies of temperature 
are given by the following curve (according to {\ + \Y^ : — 



Temperature . 
Frequency ^ . 
Groups . 

Temperatinre . 
Frequency ^ . 
Groups . 



II' 

I 
b 



12^ 
10 
c 



\f 18° 
210 120 
h i 



13' 

45 
i 

45 
7 



14^ 
120 

e 

10 
k 



15^ 
210 

/ 

21^ 

I 
/ 



16° 
252 



The variation curve of the primordium A is given by the 
following Table (the relation between A and temperature being 
the same as in the first contingency, and the length of the 
spike at 21° being ^5=9 cm.) : — 



'8 



V( = 






Length 

( 9 cm.) 

10 
II 
12 

13 
14 
15 



■•'! 



it 



>9 



»> 



99 



) 
) 
) 
) 



I- 
k 

b + j 
c + » 
d + h 
e + g 

f 



Groups 



1+45 
10 + 120 

45 + 210 
120 + 252 



Freqoenqr 

I 

10 

46 

130 

255 
372 
210 



Total 1024 = 2^* specimens 

The curve is asymmetrical, yet distinctly different from the 
preceding one. ^thmetical mean of A = 13-52 cm. 

The remarks about the mean value in the first eventuality 
are also applicable here. 

It is easily seen that an unlimited niunber of eventualities 
are possible, since the most frequent temperature and the 
extremes may coincide, in each peculiar case, with various 
temperatures between the limits t^ and T^. The form of the 
variation curve of A (hump, mean value, etc.) depends, in each 
series of measurements, on the prevailing conditions.' The 
observed figures (values of A,), and also the mean value, are an 
indirect expression of the conditions of development (tempera- 
ture). One single figure is invariable : this is the maximal 
value of A. (I have supposed Xfi = i5 cm.).' This value will be 

* Number of specimens (total 1024). 

* In certain cases a uiilateral curve might be obtained. 

* About the minimal value of X, see below. 
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I are in danger of being deceived. In certain cases, however. 

If a comparison between two or several mean values obtained 

I under definite conditions may render good service. 

I Example : Wheat is cultivated on two fields A and B, all the 

. conditions of existence being as exactly as possible the same for 

both * — ^in such a way that the variation curve of any given 

property of the wheat would be the same on A and B. A 

certain quantity of potash manure is added to B. When the 

wheat is ripne, one of its properties — for instance, the length of 

the spike — is measured. If any difference exists between the 

mean values of A and B it may be considered as an indirect 

measure of the influence of the added potash. 

In general, it may be said that a comparison between two or 
several mean values gives useful information as often as the 
series of measurements have been collected under conditions 
which were different only with regard to one factor. 

According to this principle, I use the mean values for the in- 
vestigation of the gradation curves, the varying factor being 
Jiere a social cause. (See Part VIII.) In a sunilar way I have 
used mean values for the investigation of the growth of certain 
properties of a mixture {§ 114, pp. 155 and 157), the varying 
factor being here the age of the measured specimens. 

^ In other words, the same series of combinatioiis of Victors with the same 
frequencies prevailing on both fidds. 



PART VII 
VARIATION STEPS 

§ 122.— EXAMPLES OF VARIATION STEPS : PEDI- 
ASTRUM, PERISTOME OF MOSSES.— In Pediasirum (§ 64) 
the segments (cells) of an adult specimen {ccenobium. Fig. 3, 
p. 79) are 2, 4, 8 ... 2** in nmnber. The same series oi 
values is observed in the number of teeth of the peristome (rf the 
mosses. These values are the expression of certain states of 
equilibrium (see, for instance, § 66), which are more probabk 
(more stable?) than the intermediate values. I call them 
variation steps. 

Although attention has been repeatedly called to this subject, 
especially by LUDWIG and also, among others, by DE 
BRUYKER, WASTEELS, DE VRIES, VERSCHAFTELT 
and myself, its importance has not yet been realized by the 
great majority of the biologists. 

In general, when a given property passes through a series of 
values, if certain values a\ a , a'" are observed more frequently 
than the intermediate values, the terms a\ a^ a'" ... arc 
variation steps. Between the values a\ a", a'" . . . certain 
arithmetical relations exist. 

§ 128.— DIVERSE SERIES OF VARIATION STEPS.- 
Several series of variation steps have already been discovered. 
I limit myself to five examples ^ : 

(i) The Fibonacci series {discovered and thoroughly investi- 
gated by LUDWIG), which consists of the terms i, 2, 3, 5, 8, 13, 
21, 34. . . . Each term is the sum of the two preceding terms, 
the first terms being i and 2. Examples are very numerous ; 
for instance, the number of marginal florets in many species of 
Corymbiferous Compositae. This series seems to exist also in 
the animal kingdom (LUDWIG) ; for instance, in certain 
properties of the shells of many MoUusca (Pecten, VAN DER 
GUCHT ; Scalaria, MACLEOD and WASTEELS, etc.). 

(2) The series 3, 5, 7 . . . (uneven numbers). Example : 
the number of leaflets of digitate leaves in many plants ; for 
instance, in Trifolium pratense quinque folium (discovered by 
DE VRIES). 

(3) The series 5, 10, 15 . . . (multiples of 5). Example : 

^ My notes are not witbin my reach. 

178 
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d devdapnaent of tlie measured q>ecinieiis. A compaiisoe 
b e twe eu two mean values is, in reamy, a comparison betiea 
the conditians of existence of two groups of spedmens. (See 

§ 120.) 



EXAMPLE : la .Vmmb kannmm the Umgik o f Uu U mgtsi Umf of tk$ >Rk 

ngnres 



sum vKia Imtmjui 517 and 8-06 mm. Tbeae figures are specific cooitisi. 
I2 & oertau number cf '^'^ »">*"»■ collected from one spot are meuoredt ik 
fcLUcui e t may be. lor mstaiioe, 5-50 sad 7*00, the n:iesn txing 6*25 ma. A 
aeooad wahai al ipecimeaa, colWtwl tram a seco n d spot (even in the ase 
locahtT) may give : cjiti e iu e t 6 aad 7-30, the mean being 6-75 mm., etc Saa 
no vanation steps exist in the ynvp c Lly under consideration, the mean vahs 
obtained (and alio the e jitieui e i in each series) depend on the canditinsi d 
«TmBmcr TheK oonditicns are more or leas variable from ooe spot ti 



Wlien, on the contraiy, a biological mean coincides with a 
vaiiatian step, it is reaDy the measoie of a definite something, 
of a speciik: eneigy wiuch eadsts in the measured propoty. 
independenth' of any extenial cause. Such a mean vahie is 
(for the naturalist) comparable with the mean of a curve oi 
dTors : it is a constant. 



EXAMPLES : Vmnmium ste/x of thg fi^st degrm. In S^nmdo , 

the nnakber ol marginal florets is afanost alwa^rs 13 (Fibonacci term) ; tk 
^niies 12 and 14 are ven- rare. Scries of ^wnmrns collected from vazioB 
ificts and vaxioos localities ateays give the mean 13. TMis mean is a ooa- 
stant. It may be snrmisfifl that many properties of animsK and plants, wliidi 
are practicaQy constant in a species or a genus, are in reality variation stqs 
o: the Inst degree of a certain series. 

VmUriom steff$ of tki socamd liigrsr. I have cultivated Ckrysamtktmm 
4!swsfiw in several series mider varioos conditions of ezistenoe. In one of 
the series, the variation cnrve was oonqaffatively symmetrical, the most 
fa^aeat valne (hamp of the carve) being 21 (Fibonacci term). The meai 
\:shie was. apprcndmatdy, 21. Soch a coincidence belwetii the mean and a 
x'siiataoa step is xather rare when the steps are of the aficond degree. 
i>idnuxilv the mean ouincidc s approadmatdy with one of the transitory valoes 
between two steps. In Ckt jU Mu t k t mmm M gttm m , DE VRIES obtained the 
loDowii^ variatioa caive (namlxr of marginal florets of the tfrminsl flower- 

12 13 14 15 X6 17 l9 19 20 21 22 
I 14 13 4 6 9 7 x<> 12 20 I 

The anthsMtical mean is 17*5. The carve is two-hnmped (dimorphic) : 
the JhMH^ frTO r*4» with die variation steps 13 and 21 and represent there- 
k«v constants, whereas the mean has no definite ngnificanoe (See also 

Vmimcm mps of tkt tkitd dMgrm. In CenUamuL cyamu (under ordinary 
expeditions of existence) the variation carve of the number of marginal florets 
ctf ^K* tcrauaal flower-head is one-humped, the hump coinciding with the 
vahies 10 or 11. the mean coinciding almost exactly with the hump. In 
retahty. the mean is intermediate b e t wee n two variation steps 8 and 13, iHiich 
are ixKlicated hy a sadden falling of the curve between 7 and 8 and between 
1 \ aad 14. The mean does not represent a constant : it is, however, influ- 



> ifdkm f^ EmtmickdumgsmockmmU, Bd. II., p. 52, 1896. (Quoted 
VERNON, he. or., p. 50.) I have obtained several similar curves for Chry 
smmtkfmnam fmasfiwi Unldrtunatdy the figures are not at my disposal. 
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cnced in a certain degree by the existence of the variation steps. The curve is 
I governed noi only bv the laws of chance ; it is also under the influence of the 
specific clergy which finds its expression in the variation steps. 

If we compare the examples given in this paragraph, we see 
that in the case of Mnium the mean is merely a product of 
chance ; in Senecio the influence of a specific energy is quite 
predominant ; in Chrysanthemum the latter influence is less 
important ; in CetUaurea ^ it is still more in the background. 
It is, moreover, quite thinkable that variation steps might 
be still more concealed than in the case of CetUaurea, their 
influence upon the mean and upon the form of the curve being 
still smaller. In the present state of science, we must content 
ourselves with a rough estimation of the influence alluded to. 
We may, however, anticipate the possibility of calculating it 
exactly. 

However skilful and subtle the mathematical methods used 
in biometry may be, biological errors may be committed in the 
interpretation of a mean value if the eventual existence of 
variation steps is not taken into account. 

OTHER EXAMPLES: Professor PEARSON counted the number of 
stigmatic bands on the 4443 seed capsules obtained from 176 Shirley poppies 
growing in a single garden, and found the following frequencies (Pearson, 
Grammar of Science, 2nd Ed., p. 443. Quoted after Vernon, p. 89) : — 

Bands . .5 6 7 8 9 10 11 12 

Frequency . i 11 32 56 148 363 628 925 

Bands . 13 14 15 16 17 18 19 

Frequency 954 709 397 155 51 12 i 

Professor PEARSON counted the segments on 3212 fruits of NigeUa 
hispanica, and found the following frequencies {loc, cii.) : — 

Segments . 23456789 10 

Frequency . 10 7 20 303 412 534 1552 223 59 

Segments 11 12 13 14 15 16 17 18 19 20 

Frequency 35 43 6 — — 6 — — — 2 

In both curves the material is not homogeneous. Terminal fruits and 
lateral fruits of successive order being brought together, the influence of 
gradation (social cause, see | 128) has been overlooked. In other words, 
there is no social equivalence among the material. 

In spite of that, the most common form coincides in each curve with a 
variation step (resjpectively 13 and 8) which belongs here to the Fibonacci 
series. Therefore the hump of each curve may be looked upon as being a 
constant. 

The mean values (12-51 and 7*46) coincide approximately with the most 
frequent values. In reality, however, the mean values (if not compared with 
the humps) are here a vague expression of the conditions of existence of the 
examined plants. According to my observations, the number of stigmatic 
bands in Papaver (poppy) is very variable according to the conditions of life, 
and this is undoubtedly also the case in NigeUa. 

§ 128. — RELATION BETWEEN THE VARIATION 
STEPS AND THE CONDITIONS OF EXISTENCE. TRANS- 

^ By counting the ribs of the shell of Scalaria communis (more than 1000 
specimens, Flemish coast) a variation curve was obtained more or less similar 
to that of CetUaurea cyanus (MACLEOD and WASTEELS). 



186 THE QUANTITATIVE METHOD IN BIOLOGY 

higher values (5 or 8, or both). Here the influence of the con- 
ditions of existence is as indubitable as in the above-mentioned 
experiments with Chrysanthemum carinaium. 

LUDWIG ^ has studied the variation of the number of 
mar^al florets in Chrysanthemum leucanthemutn. Series of 
specimens collected from certain localities showed the 13-floret 
form to be the commonest, whereas the 34-floret form was 
predominant in other localities. It would be premature to 
conclude from these facts, without more information, that two 
different subspecies (hereditary races) exist among the material 
collected by LUDWIG (§ 130). 

§ 129. — INFLUENCE OF SELECTION UPON THE 
VARUTION STEPS IN CHRYSANTHEMUM SEGETUM. 
— DE VRIES sowed the mixed seed of Ckrysanthemutn segetum 
obtained from twenty different botanic gardens. The terminal 
flower-heads of each of the ninety-seven healthy plants obtained 
were examined, and were f oimd to contain the following numbers 
of marginal florets * : — 

Florets . . 12 13 14 15 16 17 18 19 20 21 22 
Specimens . i 14 13 4 6 9 7 10 12 20 i 

This two-hxmiped curve (Fibonacci series of the second d^;ree) 
resembles certson two-humped curves of Chr. carinaium 
obtained imder imfavourable conditions or by examining 
flower-heads of lateral branches. According to DE VRIES, 
the observed discontinuity indicated the presence of two forms, 
a 13-ray form and a 21-ray form. The seeds from 12- and 13- 
ray specimens were collected and sown next year, the terminal 
flower-heads obtained therefrom having the following niunbers 
of florets « : — 



Florets 
Specimens 
Florets 
Specimens 



8 9 10 II 12 13 14 15 
2 I o 7 13 94 25 7 
16 17 18 19 20 21 22 
7120300 



'' That is to say, all trace of the 21-raY form had been elimin- 
ated and a nearly pure 13-ray form obtained. That this was so 
was proved by sowing the seed of some of the 12-rayed plants 
obtamed on this occasion in the following year. It was then 
found that the frequencies of occurrence of flowers with various 

» Quoted after H. M. VERNON, loc. cU„ p. 47. 

*Avchiv fat Entwickelungsmechanik, Bd. II., p. 52, 1896. (Quoted after 
VERNON, he. cU„ p. 50.) 

It is worth noting that in this curve the limits coincide approximatdy with 
two variation steps, just as in Ceniaurea cyanus. (See { 127. p. 182.) 

' Here the limits coincide once more almost exactly with two variation steps. 
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It happens very often that distinctly differetU primordia 
follow one another in the course of the individual development 
according to a certain order a/b, c . . . the primordium c being 
produced by a metamorphosis of b, and 6 by a metamorphosis 
of a. Tlie primordia a,b,c... may then be looked upon as 
being successive terms of a series, which I call an embryological 
series. Certain series of variation steps very probably represent 
successive states of development ; but between a series of steps 
by which the successive states of one primordium are repre- 
sented, and an embryological series, which indicates the 
developmental relations between several different primordia, a 
fundamental difference exists. 

In MyosoUs palustris the colours white, rose, blue (§ 46. p. 54) 
are the terms of an embryological series which is observed in 
many Boraginacece. In the blue Centaurea cyanus a similar 
series exists, consisting of the terms white, rose-purplish and 
blue (§47). 

In MyosoUs versicolor the terms are white, yellow, blue. This 
series recalls the embryological series of colours observed in the 
subspecies of Viola tricolor mentioned in § 38. 

The transformation of a given term of an embryological 
series into the next one may take i)lace in different ways. In 
MyosoUs palustris the metamorphosis of rose into blue proceeds 
in such a way that irregular blue spots appear on the rose- 
coloured petals. These spots (the limits of which are rather 
vague) coalesce more and more till the petal is blue. In 
Centaurea cyanus, on the contrary, the metamorphosis of rose- 
purplish into blue begins at the extremity of tiie petals and 
proceeds gradually and regularly towards their base (gradation \ 
see Part VIII.). 

The available information about the relations alluded to 
in the present paragraph is hitherto fragmentary. Further 
investigation of this subject is desirable. A more complete 
acquaintance with the developmental relations between differ- 
ent primordia and between the different values (variation steps) 
of a given primordium might throw some light upon the rela- 
tions between the terms of a ^ven pair of properties in the 
hybrids,^ and upon other biological problems. 

§ 184.— THE DIFFERENCES BETWEEN THE TERMS 
OF AN EMBRYOLOGICAL SERIES MAY BE EXPRESSED 
QUANTITATIVELY.— In MyosoUs palustris the primordia 
white, rose and blue being chemical properties, they may be 
represented by chemical formulae, which are the expression of 
quantitative notions. 

^strict 8egt€gatioii or transitory valves (go&eoclinie) ; dominant and 
recessive, etc. 
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the term parallel variation and are therefore confounded in our 
mind. 

I place in a first group the cases in which two or more sob- 
species, q)ecies, genera, etc., resemble one another in certain 
properties, without more. Examples : fasciated and twisted 
stems, ascidif orm leaves, eye-shaped spots on the wings of 
butterflies and the feathers of birds. In certain^ Coniferce 
{Pinus sUvesiris, etc.) certain insects (Chermes) brin^ about 
cecidia, which resemble a strobilus by certain properties, etc. 
Such resemblances are the expression of similar states of equi- 
librium : they ought to be called mechanical concordances. 
They are comparable to the examples given in § 65, in which 
this subject is expounded. 

In other cases a SERIES of primordia, observed in a species 
(genus, etc.) A is met with again in a second species (genus, 
etc.) B. Examples: the above-mentioned horses of dmerent 
races which present the same range of colour. 

If there is no relation between the properties which belong to 
such a series,^ the term parallel variation ought to be avoided : 
the resemblances under consideration are mechanical concord- 
ances and belong to the first group. 

Second Group. — It may happen, however, that the pro- 
perties under consideration are terms of an embryological series 
(§ 133). I bring such cases in a second group under the name 
embryological parallelism. Example : in the species MyosoUs 
palustris three subspecies exist: white, rose, blue. In other 
species of MyosoUs and in several species of other genera of the 
same family {Echium vulgare, etc.) a similar series of subspecies 
exists. The primordia white, rose and Hue are terms of an 
embrvological series : therefore we may say that embryological 
parallelism ' exists between the different series of white-rose^ 
blue subspecies. 

In a third group of so-called parallel variations, the properties 
under consideration correspond to determined values, a, b, c 
... of one primordium and coincide with variation st^. 
Here the existence of the terms a, 6, c . . . in several subspecies, 
species, genera, families, etc., depends on a mechanicsJ con- 
cordance of a peculiar kind which I designate by the term 
parallel variation steps. Examples : the series 2, 4 ... 2^ is 
repeated in Pediastrum (number of cells, § 122), the Onagracea 
(number of stamens, § 126), the Mosses (teeth of the peristome, 
§ 122). The Fibonacci series is found in many Composite 
(number of maiginal florets) and Vmbellifem (number of rzys 

^I doQ't know whether any relation exists between the coloon of the 
horaes. 

*The term embr yo logical parallelism is based upon the constatation o< a 
&ct and quite independent of the phylogenetic relations between the sob- 
species alluded to. 
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of the umbella, LUDWIG), in Primula and Myo satis (number 
of petals ?, § 131) and very probably in certain properties of 
MoUusca and other animals. Etc. 

Examples of mechanical concordance, embryological parallel- 
ism and parallel variation steps are innumerable. It is by dis- 
cerning and measuring the primordia — ^in the adult state and 
in the course of the individual development — ^that it may 
become possible to classify the facts and to establish then: 
biological significance. 

In this subject, as in many others, DARWIN has been the 
pioneer. If, however, we go on talking continually and indis- 
criminately about analogous or parallel variation, reversion, 
ancestral characteristics, convergent adaptation (see § 65, p. 81), 
etc., further progress will be rather slow. 
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Each of the above segments consists in its turn of a number 
of units of the third order called intemodes. All the s^ments 
or units (of the second and the third order) follow each other in 
the direction of one straight line, which is the axis. The ^/bck 
system (specimen) is therefore a uniaxial system. 

The axis is a line of ordonnance. It is characterized by three 
facts : it is a line of : (i) segmentation ; (2) differentiation ; 
(3) gradation. 

With reference to the latter point I measured the primordium 
(simple property) length of the successive intemodes from the 
base to the summit (the terminal spikelet being excluded) of 
two flowering stems taken at random.^ 

The figures are given in the f olloving Table : 

Length of the successive intemodes of two flowering stems of Paa trivudis. 
The terminal spikelet is excluded. The intemodes are nombered (I., 
II. . . .) from the base to the summit. The limit between the stem 
property so called and the inflorescence is indicated for each stem by ] [. 
Length in mm. 

Intemodes . . I II III IV V VI VTI VIU 

Length ist stem 7 

Length 2nd stem . 5 

Intemodes IX 

Length ist stem . [32 
Length 2nd stem . 178] 

Intemodes . XVII 

Length ist stem . 3 
Length 2nd stem . 4 

Each of the above series of figures represents an individual 
gradation curve (specimen curve). By means of the figures of 
each series (I take the first stem as example) we may draw the 
curve (Fig. 26), in which the axis (stem) is represented by a 
horizontal line, the length of the successive intemodes being 
represented by equidistant vertical ordinates. Such a curve is 
merely a graphic representation of facts without any calculation. 

It is seen that in both stems the value of the primordium 
under consideration increases from the base * till a maYiiniii^ 
is reached and further diminishes towards the smninit. The 
curve has thus an ascending-descending form. The slight 
irregularities which occur at several places (for instance, 2nd 
stem, intemode IV.) are brought about by accidental causes 
(chance).' 

^ It happened that the total number of intemodes was the same in both — 
viz. 21. This is not always the case. 

* The value y of any ordinate depends on the distance comprised b etwe e n 
its base and the origin /. In other words y =:/». 

'A number of similar curves have been described by PERCY GROOM 
in his interesting paper on " Longitudinal Symmetry in Phanerogamia," 
PhU. Trans. Roy. Soc.. London, ser. B., vol. cc. (1908), pp. 57-115. with numer- 
ous figures. 
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There is a distinct breach of continuity {discontinitous 
gradation) in each of the above curves between the longest 
ordinate and the next one. This breach is a (quantitative 
expresaon of the difEerentiation of the stem (individual of ist 
order) into two segments (individuals of 2nd order : vegetative 
part of the stem and panicle). The longest intemode is the 
upper intemode of the basal part ; the next one is the first 
intemode of the panicle. I have measured the length of the 
intemodes of numerous stems belonging to a number of species 
of Gramineae : the general (ascending-descending) form of the 
gradation curve is ue same in each and all. An exact com- 
parison between two given sterns,^ in respect of the primordia 



Fig. a6. — Poa trivialis. Gradatioii Curve of the length of the iatemodea 
of one fertile stem, /, Baae of the *tem ; I, V, . . . succenive intcraodcs. 
Scale in mm. See the figures, p. 300, ist stem. 

(length, etc.) of their intemodes is easily obtained by compar- 
ing the longest intemode and the first intemode of the panicle 
of both stems. The compared intemodes are socudly equiva- 
lent and they represent the maxinud viUw of the length in each 
of the segments of 2nd order.* 

SECOND EXAMPLE : THE FERTILE STEM OF HOI^ 
CUS MOLLIS (A GRASS).— This object has the same con- 
stitution as the first example. I have measured the following 
primordia, which are all ordered along the Itmgitudinal axis of 
the stem : 

(i) The len^ of the intemodes from the base to the summit 
(the tenmnal s^elet being excluded) ; 

' Belonging to the eajne or diSerent species. 

■ It may be remarked that each of the above series of figures is a bertillomaga — 
that ia to say, a qnantitative descnptioii of a specimen complete enongh to enable 
u to distinguiah it from any other fertile stem of any grass irtiatever. becante 
the same combination of figures practically never ocean a Mcood tbns. 
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contmnity by which two successive periods (waves) of gradation 
are disjointed. 

The existence of secondaiy hximps (or breaches of continuity) 
in a gradation curve of a given specimen depends probably very 
often on a temporary clunge in the external conditions (tem- 
perature ? supply of water ? etc.) in the course of the period of 
growth. In certain species, however, the existence of more 
than one period is observed in all the specimens ' and is there- 
fore characteristic of the species. This is the case with the 
gradation of the primordia length and breadth of the leaves of the 
fertile stem in Ctndidium stygwm Ste. (a moss allied to Mnium). 



Fio. 27- — The corves represent the fignns on p. ao2. a, length of the intar- 
Dodes ; b, length of the sheaths ; c, length of Uie blades ; d, breadth of the 
blades ; I, V, . . . successive internodes. Scale in tnilHnietm 

Further investigation (by measurement !) of this subject may 
bring, I think, an explanation of a number of facts in the 
structure of living beings which have been hitherto overlooked 
or looked upon as being mere curiosities. 

In the gradation curve of the length of the sheath [Holcus) one 
observes a distinct maximum (hump) in the upper leaf (inter- 
node XVI.J and a secondary hump m intemode X. The latter 
did not exist or was hardly perceptible in other stems of the 
same species. The gradation curves of the pnmordia len^ 
and breadth of the blade have a rather regular ascending- 
descending form, their summits coinciding res^>ectively wiui 
the ordinates XII. and XIV. 

■ IKuuai ■ ■ ' 'vorfdwmtion being simple 
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gradation. Comparison between the effects of Mendelian dis- 
sociation, plasticity, gradation and individual developmoit. 
Example of segr^tion by gradation : the primordium dcfwny 
in the sheaths ot the leaves of Holcus ^. 45). A similar 
example is described in my paper on Mnium, p. 20, Remark IV. 

(2) § 49 (6) (p. 61) : Comparison of the curves of develop- 
ment of several primordia according to the method followed 
(§ 140, second example, and § 141) for the comparison of grada- 
tion curves. 

(3) § 52 (Mih example, p. 68) : Influence of gradation on 
certain properties of the leaves of Mosses. (See also my paper 
on Mnium.) 

(4) § 7^ (P- S6) ' ^y ^^^ ^s ^ ^^ ^^ segmentation, difto- 
entiation and gradation. Gradation in the erect branches d 
Pseudochate gracilis, in an e^ of Spirogyra, in a hair. 

(5) § 79 (P- 96) ' Alteration of a chess-board system by 
gradation. 

(6) § 82 (p. 100): Gradation in a chess-board system in the 
direction of the axes NS and EW ; complicated efEects (Fig. 13, 

p. lOl). 

(7) § S3 (p* ^o^) ' Continuous and discontinuous gradatioa 
(differentiation). Antenna of Carabus. Epidermis of Allium 
porrum. 

(8) § 84(p. 104) : Curvatiu^ of compound axes a consequence 
of gradation. 

(9) § ^5 (P- ^^) ' Gradation a cause of disorder in biaxial 
systems. 
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fields, on the heath, in waste places, in meadows, etc.^ Fr 
each spot I collect the largest and the smallest specimeas * i 
measure them. In this way the work required for the discov 
of the limits is reduced to a minimum.' 

The description of a species con^sts of a table in which 
constants of each primordium are given. 

Rtmrnr/t : Thoae cautants are something quite diScrent from the li 
of varUtim) represented by the extremitiea of a vanation eorva oumli B 
1^ the measiirenient of a aeriea of specunena odlected (acconliiiK to 
ordmaiy biometrica] method) at random oa ooe spot or in one looJ^. 
pp. 182, 1S8. 

EXAMPLE (here I content myself with nine prinuvdia) 
Specific deaoiptioii of Ahpeetma pratttuit L. : 
I. Length of the upper intemode of the fertile stem : 1x9-^8 nun. 
3. Length of the tdade of the apper teaf of the fertile stem : 12-453 <■■■ 

3. Length of the infloraacence : 24-183 mm. 

4. Length of the fint empty ginme : 3'S6-6-4i mm. 

5. Bieadth of the fint emp^ glome : 1-38-3'ao nun. 

6. Nnmber of nervea of the fint empty glnme : 3-3. 

7. Namber of nerve* of tlie second emp^ glnme : 3-3. 

8. Length of the (fint) fioweiiDg glnme : 3-44-5'97 mm. 

9. Length of the i,wn of the (first) fiowering glume : 4'73-9-gg nun. 
The ratio (length first empty glume) : (length fint flowering ghune) 1 

between 0'94 and 1-17. 

In the above table I give an example of a ratio, vrhich if 
course, not a primordium but an empiricai value calcuL 
arbitrarily from two primordia. We might also take arbitra 
the sum, the product, the square root of the product, 
(§ 102). Such empirical values may render in certain c 
good services, although their biological or mechanical ^ 
cance is very vague. The constants of the primordia are 
the contrary, figures which have been obtained by di 
measurement without any calculation. They are the exj 
sion of observed facts. 

TABLES OF IDENTIFICATION are constructed in 
following way, limiting myself in one or another ivay. I t 
for instance, all the species of a genus, or the ^ecies of .a fai 
which are indigenous in a given country or mstrict, etc. 
each primordium a table is drawn up in which the niimnial 
maximal values of each species sire given. In the foUoi 
example I content myself with four primordia, one ratio and 

I The posMU conditions of life aie very varied foe the majority <^ 
■pedes, although many of them are orMnirily ioaoA nnder certain del 
CondiHons. In LEO GRINDON'S Flora of MancktOtt (1857) the or^ 
suiTOnndings of each spedes sje exactly indicated. 

■ And, as much as passible, those specimens which are conspicnoos bj 
or another pecnliaiity, for instance by very long or short leaves, very 1 
or small spikelets, etc. 

' And it may be added that many Interesting obeervationa are made ii 
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species of grasses. This is enough to give an idea of the method. 
I take AgrosUs alba as a whole, and bring under this name A. 
alba L.,A. vulgaris With, and their so-called varieties, adopting 
provisionally the view of BENTHAM {Handbook of the Briiish 
Flora, 1866, p. 533). Dimensions in millimetres : 

Table I 
Length of the blade of the upper leaf of the fertile stem 

Minimuiii Manmum 



Alopecurus pratensis 12 
Agrostis alba 17 

Glyceria fluitans 27 

Fesiuca pratensis Huds. 33 
Melica uniflora 33 

Bromus asper 125 



Melica uniflora 175 

Glyceria fluitans 203 

Agrostis alba 224 

Alopecurus pratensis 253 

Festuca praiensis Huds. 264 

Bromus asper 416 



Table II 



Length of the first empty glume (awn excluded) 



Minimum 

Glyceria fluitans i -6 

Agrostis alba 1*8 

Festuca praiensis Huds. 2 o 

Melica uniflora 27 

Alopecurus praiensis 3*8 

Bromus asper 40 



Bfajdmum 

Agrostis alba 
Glyceria fluitans 
Festuca praiensis Huds. 
Melica uniflora 
Alopecurus praiensis 
Bromus asper 



3*2 
40 

4-3 

5-5 

6-5 
7-6 



Table III 
Length of the first flowering glume (awn excluded) 

Minimum Maximum 



Agrostis alba 
Melica uniflora 
Alopecurus praiensis 
Glyceria fluttans 
Festuca pratensis Huds. 
Bromus asper 



I *4 Agrostis alba 

3*2 Melica uniflora 

3*4 Alopecurus praiensis 

4 'o Glyceria fluttans 

4*7 Festuca praiensis Huds. 

87 Bromus asper 

Table IV 



23 

50 
60 
70 
7-6 
130 



Length of the awn of the first flowering glume 



Minimum 

Glyceria fluitans o 

Melica uniflora o 
Festuca pratensis Huds. o 

Agrostis alba 0*04 

Bromus asper 4*0 

Alopecurus praiensis 47 



Maximum 

Glyceria fluitans 
Melica uniflora 
Festuca praiensis Huds. 
Agrostis alba 
Bromus asper 
Alopecurus praiensis 



o 
o 

2*0 

2-8 

60 
10*0 
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Specimen y 

Length blade upper leaf .... 155 mm. 
„ first empty glimie .... 37 m 
„ „ flowering glimie ... 4*0 „ 
„ awn first flowering glimie . . o „ 

Ratio length (ist empty) : (ist flowering) glimie 0*93 „ 

The order in which the tables are used being arbitrary, I 
begin this time with : 

Table V. : minimmn, Agrostis probably excluded ; maximum, 
dyceria, Bromus and FesAuca excluded [here the practical utility 
of an empirical value (ratio) is obvious]. 

Table IV. : minimum, Agrostis again probably excluded ; 
maximum, exclusion of Bromus confirmed, Alopecurus excluded. 

Table III. : minimum, exclusion of Bromus and Festuca con- 
firmed ; maximum, exclusion of Agrostis confirmed. 

Since five species have been excluded, y is Melica unifiora. 

I try now a third Grass z and measure the primordia {one stem, 
one spikelet). The figures are : 

Specimen z 

Length blade upper leaf .... 327 mm. 

„ first empty glimie .... 3*2 „ 
„ flowering glmne ... 52 „ 

„ awn first flowering glume 17 „ 

Ratio length (ist empty) : (ist flowering) glume 0*62 „ 

I begin with Table I. : minimum, no species excluded ; 
maximum, Melica, Glyceria, Agrostis, Alopecurus and Festuca 
excluded. 

Table II. : minimum, Bromus excluded. 

All the species being excluded, it may be concluded that z 
does not belong to any of our six species. In order to verify 
this deduction, I take the tables in tne reverse order, and begin 
with: 

Table V. : minimum, AgrosUs and Alopecurus excluded, 
Melica very probably excluded ; maximum, Glyceria probably 
excluded. 

Table IV. : minimum, Bromus excluded, exclusion of 
Alopecurus confirmed; maximum, exclusion of Melica and 
Glyceria confirmed. 

Table III. : minimum, exclusion of Bromus confirmed ; 
maximum, exclusion of AgrosUs confirmed. 

Table II. : no more species excluded. 

Table I. : minimum, no species excluded ; maximum, exclu- 
sion of Melica, Glyceria, Agrostis and Alopecurus confinned, 
Festuca excluded. 
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EMum, 196 

Elementary species, 7, T I 

EmbiTological curves, 153-1 

204: series, 193, tg6 ; fM 

196 



EpilMia 

Equation, pcnonal, 49 

Equilibrium, 31 

Erica. -1% 

ErbtoJb. 19 

Efodivm, 87 

E1TD13 ot observatioa, 14s 

EryOra*. 21 

Euastropsit, 7S, tSo 

Eneianaium, 181 

Evans, W. D.. viii 

Existence, conditions of, 167 

Exptdments (investigation < 

specific forms by), 14, 3 

cards, 163 
External factors, 167 
Eye, 49 
Eye-shaped spots, 196 



DacTYus, 18, 232 

Darwin, 15, 16. 19. 43, 46, 49, 31, 60, 

195. i97i *o8. 214 
Darwinism, 17 
Dantienberg, Ph., 34 
Davenport, C. B., 31 
Deichampiia, 44, 209 
Descriptiim ot spedo. quantitative, 

307. 318 1 vagae and inexact, 209, 

Details, importance of, 213 
Determineis, 41 
Die, eqoilibrinni of a, 133, 127 
Dietel, 192 

Differentiation, 72, loi, 30i 
Dipsacta, 6 
Dipsacine, 6 
Dipsacotine, 6 
Dipsacus iUii*strU lorsui, 22 
Disorder, 103 

Dissociation, in hybrids, 34. See 
Segregation 



Fats. 2 

Fotilization, self and crocs, 4 

Ft twa. 219 

Fibonacd nnmbera, 178 

Ficaria, 17 

Fossils, 212, 214 

Fowl, 193 

Frequency. 118 

FrihOatU, 99 

Frontignan <grape), 16 

Fuehiia. (81 

Fumaria, 89 
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GasUitomyuUs, 79 

Gauas, 147 

Genista, 67 

Geramiym, 179, 191 

Germain, 208 

Gladiolus, 16 

Glyctfia, 2x9 

Glycerides, 2 

Goose, 195 

Gradation, xoo, 198, 205 ; discontinnons, 

201, 203 ; in a leal, 204, 205 
Grafts, 90 
Gramimem, 92, 2x7 
Grape, x6 
Grasses, 2x7 
GrindoD, Leo, 2x8 
Growth, X54 
Grylhuipa, 8x 
Gucht, van der, X78 



H 



Haxcxbl, 50 

Hamborger, 49 

Hauy, 64 

Hduya, x8x 

Head or tail, xx6 

Heindce, Dr Fr., X90 

Heredity, 7 ; two kinds of, 8 

Herposikon, 84 

Herring, X90 

HickUng, Geo., 2x2 

Hickson, S. J., XX4 

Hisradiym, 2x6 

Holcus, 18, 45, 48, 20X, 205 

Homology. 79 

Hooker, J. D., 67, X74 

Horse, X95 

Horticnltmal species, x6 

Hybridizatioo, 32, X34. See Hytsids 

Hybrids, 2X ; constant, 38, 39, X4X ; 
dissociation, 34 1 dominant cfaisr- 
acten, 33; intermediate, 37. 38; 
Menddiam, 32; CEnolhsra, 38; re- 
cessive characters, 3^; segregation, 
34 ; vegetative mnltij^cation, 16 

Hyifodkiycm, 83 t^ 



Tnfantilft state, 52, 59, 205 
Intermediate, 36 ; units, 96 ; specific 

forms, 39 
Interposed specific lorxns, 39 
Iris, 92, X12. 179 
Isnardia, i8x 



^ ANczBwsKi, 39 
ohansen, X5, ^x, 2x6 
ordanian speaes, 2x6 
uvenile state, 52, 59, 205 



K 



Knight, x6 
Koelrenter, 35 



Hyoscyamus, 37 
Hypsrieum, X9 



Laboratory science, 208 

Lamarckism, 8, X7, 8x 

Lang, W. H., vii 

Latrolle, 27, 66 

Lavoisier, 64 

Law, mle, 40 

I^eading property, 6x 

Leaf, gradation m a, 204, 205 

Lsftsminosa, 9X 

Leibnitz, 55 

Lelewell, 80 

Leontopodium, 9 

Ligneous vessds, XX2 

LUiacem, 92 

LUium, X79 

Lines, pure, X5, 3X 

linnaens, 27 

Linseed (oil), 4 

Limm, 4, 8, 47 

Living substance, 2, 70 ; variation of. 

LiLd.07 

Lloyd, d G., 2x0 

Lopesia, x8x 

Ludwig, X78, X79, x86, X9X, X92, X97 

Lychnis, X7 

Lycopsrdon, 8x 



Identification, tables of, 218 

Ilea, 97 

JUs, 204 

Independence, of adjacent cells, X07; 

of the species, 2x5 ; of the primordia, 

ao4 
IndivMnals of successive order, 71. 

See Units 



m-o-M values, 172 
Macintosh, D. C, 29 
BiacLeod, 40, 69, 178, 183 
Mariotte, 35 
Maximal ^ne, X73 
liayer, A. G.. 28 
Mean deviation, 30 



226 



INDEX 



Mean error, 50 

Mean value, 29. t^j, 161, 166. 1^3 ; 

use of» 176 ; relation with variation 

steps, 176, 181 
Mechanical concordance, 196 
Melandrium, 17 
Melica, 219 
Bleion, 195 
Mendel, Gregorins, 21, 32, 65. X15. 134, 

139 
Mendelism, 134, 215 
MerUha, 21 
Meristic variations, 69 
Miers, Sir Henry Alexander, i 
Mimosa, 78 
Minimal value, 175 
Mixtures, 4 
Mnium, variation in, 28, 69, 182, 188, 

190, 202 
Mobilis atas, 57 
Monocotyledons, 179 
Monotypic species, 14 
Morus, 91 

Mosses, 104, 106, 108, X09, 178 
Muscle, contraction of a, 50 
Mutation, 7. 8, z6, 141, 215 
Mycology, 210 
MyosotiSt 191, X94, Z96 
M3rzom3rcetes, 79 



N 



Nabgbu, 35 , 79 
NarcUstis, zi2 
NanMus, Z13 
Nectarine, 195 
NieoUana, 6 
NigMa, Z83 
Nucleus, 5 



OsuguANGULAR system, 109 

Oblique (false) axes. 108 

(Enotkera biennis, 21, 38 ; constant 

hybrid, 38 
Oils (fixed), 2 
Onagracea, 181 
OpMocama, 29 
O^um, 4 
Optimum, i<S8 
Orchids, 78, 81, 92 
Owen, R., 66 



Pjidogsnbsis, 205 
Paedogenetic state, 52, 59, 205 
Palaeontology, 212 
Papaver, 4, 57, 183 
Parhtla, 114 
Patella, 113 
Pea, 32. 134 



Peach, 195 

Pearson, Karl, 31, 183 
Pecten, 109, 178 
Pediasirum, 78, 178, 180 
Pelecypods, 113 
Percy Groom, 200 
Per^mials, 92 

Personal equation (ooeffident), 49 
Phajus, 73 
Phallus, 6, 7 
Philodendron, 12, 43 
Phleum, 1 8, 20, 176, 209 
Phloem, 112 
Phyllotaxia, 48, 190 
Pijg^eon, 195 
Pinus, 196 
Pisum, 32 
PlanorHs, 2x2 
Plasticity, 9, 52, 58 
Plastids, 5 
Plateau. Josef, 49 
Pleurococcus, 94, 97 
Plum, 16 

Poa, XX 2, X75, X99. 204 
Polygonum, xo, 44, 48 
P^yps, 77, 79. 8x 
\ x8: 




Possibilities, 9, 26, 36 

Potato, x6 

Potentialities, 9, 26, 36 

PoUnHUa, X7 

Pfosiola, 97 

Priestiey. 64 

Primorma, 40; classification, 66. 69, 
74, 87. 89 : dassififrt according to 
their dev^opment, 55 ; accresceot, 
56 ; arrested, 54 ; awakening, 53 ; 
caducous, 54 ; deciduous, 54 ; meta- 
morphic, 53 ; original, 53 ; transi- 
tory, 54 ; independence of, 204 ; 
leading, 61 

Primula, X3, x8, 55, X85, 19X 

Pfimulacem, 67 

Probability, 1x8 

Probable error, 30 

Progressive mutation, 59 

Properties, combination (co*existence) 
of, 47 ; possible and observable. 9, 
26 ; simple and compound. 40. 
See Primordia 

Proteins, 3, 5 

Prunus, 16, X92 

PS9Ud0ch€BU, 84 

Pseudoclylia, 28 
Puccinia, 103 
Pure lines, X5, 3X, 2x6 
^Pyrus, 9X 

Q 

QuANTiTATfVB method, 26. 1x5. 144: 
various applications, 207 
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Querois, 88, 90 
Quetelet, 28, 3i« 70, 115 



Racb, adaptation of the, 217 
Radial system, 77 
Ramification, 89 
Rana, 19 

Ranunculus, 10, 21 
Recessive character, 33 
Reptiles, scales, 81 
Reseda, 89 
Retina, 114 

Retrogressive mutation, 59 
Rhododendron, 9, 78 
Root, primordia, 112 
Rosa, 13, 216 
Rosacea, 191 
Rubia, 6 
Riibus, 216 
Role, law, 40 
Rye, 17 



Species, constancy of, 215 ; descrip- 
tion of, 207, 209, 217 ; independ e nce 
of, 215 ; Jordaman, 216 ; notion of, 
I, 214 ; monotypic, 14 ; comfdex, 
14 ; horticultural, 16 ; bud-, 16 ; 
seed-, 16 ; origin of, 141 

Specific, energy, ii6, 129, 181, 187; 
constants, 174, 176, 218 

Specimen, ^i 

Sphere, equilibrium on a plane, 116 

Spirogyra, 70 

Sport, 7, 8 

Sprengel, Chr. K., 35 

Spurs, 92 

Steinbrmk, 74 

Steilaria, 18 

Stomates, 102 

Subspecies, 7, 11, 14 

Substantive variation, 69 

Symmetry, relation with variatioB 
steps, 180 

Sympkoricarpus, 91 

Systematics, importance of, 211 



Saccharomyces, 78 

Salicomia, 21 

Salix, 216 

Saltation. See Mutation 

Scalaria, 178, 183 

Sciurtu, 28 

Secale, 17, 175 

Seed rarely produced in many species. 

Seed-fixed properties, 16 

Segregation, 34, 38 ; in hybrids, 34, 
35, 40 ; b^ gradation, 45 ; in the 
course of individual devdopment. 

Selection, 7, 81, 215, 217 

Senecio, 12, 179, 181, 182 

Sensations, duration of, 49 

Sensitive period, 56, 75, 82 

Semire, 80 

Sertularia, 81 

Sexual characters, 205 ; secondary, 60 

Shells, collection of Ph. Dautxenberg, 
24 ; of molluscs, 98, 1 13 

Shrubs, 92 

Simple properties, 40 

Skin, human, 98 

Social : cause, difference, environ- 
ment, 73 ; equivalence, 91 ; rela- 
tions, 91 

Soianum, nigrum, 8, 11 ; potato, 16 

Soldanetta, 9 

Solidago, 92 



Tables, of constants, 218 ; of identi- 
fication, 218 
Tail (head or), 116 
Talpa, 81 

Teleutospores, 77, 103 
Tellina, 109 
Tetrahedral systeui, 78 
Thistles, 11 

Thorpe, Edward, 2, 3, 4 
Trees, 88. 92 
Triaxial system, no 
Tri/olium, 89, 178, 180, 193 
Trtodia, 209 
Tschermak, 35 
TulosUtma, 81 
Turkey. 195 
Types (specimens), 210 



U 



Ulmus, 204 

Units, biological, 71, 84 ; intermediate, 

96 
Unwin, G., viii 



Valub, maximal. 173 ; m-o-M, 172 ; 

minimal, 175 ; optimal, 168. See 

Mean Vsilue 
Vanda, 99 

Vandevelde. A. J. J.. 107 
Variants, 10 
Variation curves, 29, 160, 165 
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Vuiatun : altenwlive. 151 ; com- Vries, Hugo de, 11, 16, i 
plenty. It : cnitiniiom, diaccotina- 57, 178, 183, 186 

oni, 17, ISO. IS3, 185, 187 ; index 
of, 30 ; nMsiBtic, 69 ; panlld, 195 ; 

plaMicity, g ; snbstantive, 69 : W 

nnder cnttivatioa w iomtaOcaiujti, 
17 Wallace, 31 

Vanatiom •tqa, 178; gradation. 184; Wastecb, 178, 183 
methodi fm tbe diacovcTy of, 192 ; Weias, F. E., vii. 69 
paialld, 196 : pUcticity. 184 ; re- Weldoa, W. F. R., 31 
UtioD with iiMaii value, 176. 181 : West, G. S.-. 78, 83, 84, g^ 
relation witii pbyDotaxi*, 19°: re- Wheat, 177 
latioD with symmetry, iSo ; selec- Wille. N.; 97 
tion, 186 : ipeeific difierence, 1S7 

Varietiea, 11. 15 X 

Venum, sS, 182, 186, 193, ats 

VondiaSdt, E., 107. 178 Xyleh, 112 

Ve rte bt a tea. 97 

Vezillary marks, 98, 108 Z 

Viola, 46, 194 

KMi. 16 Zenith-Nadik, iio 

Voivex, S3 Zygnema, 70 
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